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PREFACE 


This book was conceived and written while the author was 
on the Animal Science staff at Iowa State University. It was 
designed for use in the introductory Animal Science course 
at Iowa State or at other universities. Most students who take this course 
will be in their freshman year and will be majoring in Agronomy, Agricul- 
tural Education, Agricultural Business, Farm Management or Operation, 
Pre-Veterinary Medicine, or Poultry, Dairy or Animal Science. Some 
students in other curricula also elect the course. 

The primary responsibility of the book and course is to the majority 
of students who wilt work toward a degree and who will take later courses 
in nutrition, genetics, breeding, selection, management, marketing, and/or 
meats. For these students an introductory course must develop an apprecia- 
tion that successful animal production results directly from the application 
of animal science. Each of the topics is introduced as a “science,” rather 
than as an “art.” 

An introductory course must also instill in the students an objective and 
economic attitude toward livestock selection and other phases of Animal 
Husbandry. Nothing is more practical than an objective approach to prob- 
lems and a knowledge of the sciences that will solve them. 

Organization of this book is different from most introductory Animal 
Science texts. The material is not divided according to species. Rather, 
most topics, such as selection of feeders, reproduction, the business of 
feeding, markets, or milk secretion, include consideration of all species. 
After teaching the course several times using this type of organization, at 
the suggestion of Dr. I. V. Whiteman, the author is convinced it is much 
more efficient. 

Principles of nutrition and feeding are much the same for all species- 
Minor differences, where they occur, are pointed out and explained. In- 
heritance principles and possible breeding programs are similar for all 
species. Examples using each species are employed to illustrate the various 
principles. Selection of meat animals, regardless of species, is based o(i 
a single set of objectives and ideals, leading to efficient meat production. 
Marketing, likewise, is essentially the same for all species. Cattle and sheep 
raisers use the same markets as hog farmers, and the same factors influence 
market supplies and prices of hogs as affect cattle and sheep supplies and 
prices. 

The chapter sequence should not be considered particularly important. 
Considerable cross-referencing among chapters and sections will permit use 
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LIVESTOCK IN AMEMCAN AGMCULTURE 


Food is the primary product of agriculture. Natural fibers, 
such as wool, mohair, and cotton; certain pharmaceutitfals, 
plastics, synthetic fibers, and oils; and leather are also pi'od- 
ucts of agriculture highly important to the American economy and society. 
Technology has developed products of nonagricullural origin that can re- 
place or supplement many of the latter items, but satisfactory substitutes 
for agriculturally produced foods are yet to be developed. 

Plant and livestock products — cereals, vegetables, fruits, meat, milk, and 
eggs — contain the essential nutrients for human life in a form that provides 
enjoyment and satisfaction difficult to describe or copy. We would confi- 
dently challenge the chemist to duplicate, without agricultural products, a 
medium-rare sirloin steak, roasting ears covered with butter, icy water- 
melon on a hot afternoon, bacon and eggs on a frosty morning, or rich, 
chocolate ice cream. 

The proportion of animal products in the American diet has increased 
and this trend will probably continue. A higher net income and level of liv- 
ing have meant greater expenditures for meat, and dairy and poultry prod- 
ucts. At the same time, a decrease in the energy needs of the average Amer- 
ican, because of automation and shorter working hours, has lowered the 
consumption of high caloric foods such as potatoes, bread, and cereUls. 
More of the plant products arc being fed to animals to produce the anirflal 
products Americans desire and can now afford. 

For a comparison of the American level of living with that of citizens 
in many other countries sec Table 1-1. 

A. The AcRtcoLTURAL Economy 

The Agricultural Revolution, beginning in 1837 with the invention of 
the steel plow and continuing through the twentieth century with remote 
controlled tractors, chemical cultivation, and automatic feeding systems is 
significant for all — since everyone consumes food and uses other .aprlciil- 
tural producu. Acres have been added for production by ilraln'i of 
swamps, irrigation of arid regions, and clearing of timircr anil iscrub'^from 

I 
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Table 1 1 
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Appro™.., e Food Supply P«r Per«,n lo Comm Countries’ 


Calories 
per day 


Proiejn protein Meat* Eggs* Milk* 
gm/day gm /day lbs /year per year lbs /year 


United Stales 
France 

United Kingdom 

3130 

2920 

3290 

93 

98 

87 

68 

52 

52 

207 

163 

156 

351 

193 

246 

3 span 

U of South Africa 

2210 

2580 

68 

73 

18 

30 

13 

95 

70 

53 

Australia 

3210 

92 

60 

257 

193 

India 

1950 

52 

6 

4 

* 

Argentina 

3040 

95 

52 

220 

123 


609 

474 

474 

68 

203 

406 

135 

271 


•Food and Agriculture Organization of the Uxilted Nations Production Yearbook i4 245 

249 Figures are for I9a9 or i960 or one year periods between 1958 and 1960 
‘Carcass uelghtof red meals poultry aod^me excluding slaughter fats 
‘converted from kilograms assuming 57 gm per egg 

* V.'hole milk equivalent calculated from kHogtains milk protein assumli^ 3 25 per cent 
protein in whole milk. 


potentially good pasture land New vaneties of crops and strains of live 
stock provide more food per acre and per animal unit Mechanical equip- 
ment and cheaper, more available power have made each farm worker 
mote efficient and more productive 

These and other developments have made it possible for fewer farmers 
on fewer farms to feed more people at a higher level Table 1-2 illustrates 
the decrease m the number of farms and the correspondmg increase m the 
number of people each farm worker supplies This has occurred while the 
quality of the American diet has increased considerably, with an estimated 
nse of 20 per cent in the proportion of animal products consumed per per 
son. 

With relatively fewer people engaged m production of agncultural prod 
ucis, the whole concept of agncullure has changed Agriculture now m 
cliid=s many paopfe mvolved m procasamg and dislnbming agncultural 

T,*S'. ’ ’ Number of F.™, and Effir.ency of Farm Worken Smee 


Year 

bullions 
of farms 

Persons supported by 
one farm worker 

1920 

6 5 


1930 

6 3 

8 2 

1940 

6 1 

9 7 

1950 

S 4 

10 8 

I960 

3 6 

15 4 

1982 

3 3 

28 0 

23 0 

•AilSifldARS CSDA. 
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products; in services related to agriculture, such as production and sale of 
feed, farm equipment, buildings, and fertilizer; and in educational, pronio- 
tional, and regulatory work. The decreased numbers in production does not 
mean this group is less important. Each individual in production is more 
important, because of the increased size of each fanning unit and the de- 
pendence of more people on that unit for food. 

A very important characteristic of the agricultural economy is the relative 
inelasticity of demand for food products. Demand (consumption) is not 
greatly altered by changes in supply and price. When there is a shortage of 
food, prices skyrocket. Consumers want and need a stable food intake and 
will compete vigorously for the available food. Likewise, in periods of over- 
production and food surplus, consumption does not increase significantly 
and food prices drop markedly. 

This characteristic of relative inelasticity, coupled with the perishability 
of many food products, helps explain much of the attention given to slight 
changes in yearly production of farm commodities. 

1.1 Change 

About the only permanent characteristic of American agriculture is the 
presence of change. Previous paragraphs have described shifts in level of 
living, as well as in numbers of people engaged in production, distribution, 
and services. Significant changes are also occurring in the production units 
themselves. Though over 95 per cent of the farms and ranches are still 
family operated, the operations are materially different than a generation 
ac WIT agVT. £dciV pfOuhWivnT avnV, cut iThr sisrsge, is ilnyer; imnu 
specialized, and more highly capitalized. Operators of production units have 
higher “fixed” costs, such as taxes and depreciation on equipment. 

Most ranches in grazing areas have always been specialized in cattle or 
sheep raising, because their only feed was roughage. But in other areas (jf 
the country, diversification was universal. Most farmers raised nearly every 
kind of livestock, in addition to forages and grains. This is not true today. 

Although there is the obvious advantage of less risk in diversified opero. 
tions, the current trend toward specialization is prompted and encouraged 
by numerous factors. If a producer is to take advantage of expensive labor, 
saving and time-saving equipment, he must make full use of it. To justify 
a completely automatic cattle feeding system, for example, he must con- 
tinually feed large numbers of cattle, which may use all of the feed, build, 
ings, and capital available. To employ modem milk handling equipment 
ctficienlly, he must milk a relatively large number of cows. Increased tech, 
nical knowledge also makes it desirable for a farmer to specialize. He must 
master certain fields so he can cllcctivcly compete with his neighbors in 
production efficiency. 

An indication of the increased spcci,aliration on farms is the fact that 
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'''HormSrcap.'Sa'l’ter.l tate lot tho averago latm operaMna m 
United Slates Department o! AgncuUutc (USDA) recently repo e , 

000 as the average, but it is not uncommon for a commercial farm opera- 
tion to be using $200,000 to $500,000 capital This means a great responsi- 
bility for each farm operator He must have all the expenence and training 
possible to use and handle this responsibility wisely 

A young man starting farming at the present time must realize the 
presence ol certain “social" factors which are somewhat peculiar to this 
last half of the twentieth century AU farmers today have higher fixed costs 
than was true during the I930’s Taxes are higher because the population 
demands that the governments — local, state, and federal — provide more 
services and insurances Yesterday’s conveniences are today’s essentials 
Automobiles, telephones, television sets, radios, and other home appliances 
are all considered essential This dictates that a farmer receive a certam 
amount of cash income per year m order to have such ‘ essentials” and 
also to continue (arming Profit m spendable dollars is necessary 

In the early pan of the century these various conveniences were not 
known Taxes were lower m relation to average income because the de- 
mands on government were less It was therefore less essential that a farmer 
make a good profit in any one year He could weather several consecutive 
bad crop years and several livestock losses without having to give up farm- 
ing completely , a situation no longer possible 
Today most young farmers need quick income Because they are short 
on capital, they need cash for current expenses Interest payments, as well 
as payments on pnnapal, must be made 
Further etedence ot the apparent need for spendable and quick income 
by farm Wvt^^e,*«,^*i!qnppioinnaleV 25 per cent ot the farni wives 
are currently employed off the (arm 

1.2 Und 

feSlIv'a'IlH prodneunn The amount, topography 

lertility. and location of land available for production is of conSm as^the 
human population conunucs to expand concern as the 

tot WeTth^cl'BraTrr 

recr^at 
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enormously with the population growth, especially in the eastern states, 
the west coast states, and around the Great Lakes. 

According to the 1958 Yearbook of Agriculture, Land, the following 
changes occurred in land use each year, on the average, between 1945 and 
1954. 


Urban areas 

Highways 

Airports 

Reservoirs 

Railroads 


395.000 acres increase 

78,000 acres increase 

5.000 acres increase 

360.000 acres increase 

7.000 acres decrease 


Net total 83 1 ,000 acres increase 


Since these figures are averages for 1945 to 1954, they do not include 
land consumed by the Interstate Highway System approved by Congress in 
1957. Nor do they include current increases in parks, military sites, and 
wildlife areas. The total increase in land acquired for these special uses 
probably approaches a million acres per year, and may accelerate due to 
our geometrically expanding population. It should be noted that much of 
the land converted to special uses is tillable land, so considerable food 
producing resources are lost each year. 


1.3 What is Agriculture’s Production Goal? 

Bstimates of United States population are; 

1963 188,000,000 people 

1975 225,000,000 people 

2000 300,000,000 people 

With this anticipated increase in population in the United States with no 
allowance for changes in per capita consumption, the production of eggs, 
meat, and milk must be increased at least 20 per cent between 1960 and 
1975. But if there is to be a continued increase in per capita consumption 
of these products, the combined result becomes a total increase in demand 
for animal products of approximately 40 per cent. This must be met with 
no anticipated increase — and probably a decrease — in cropland. Such a 
projection illustrates a need for almost doublins the 1960 agricultural 
output in the United States by the year 2000. 


1.4 How Will the Goal Be Met? 

In the last thirty years* a decreasing number of farm workers, working 
Inver hours, have increased farm production in the United States faster 
than the population has increased. Fann production has gone up about 80 

* USDA and Department of Commerce. Ewnomic Report of the President. Jan. 
1961. 
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„„ cent man hours of farm labor have dechned 50 per cen, E® W' 
fa™ proSrCon-farm output per man hour-rncreased over 200 per 

""^Estimates for 196P mdrcated that the United Slates farm v.otkets, repr^ 
seating under one fourth of one pet cent of the 

dueed almost 30 pet cent of the ted meat and about 20 per cent of the 

fluid milk produced in the world that year a.. 

Will Amencan agriculture continue to meet the challenge during the 

maindet of the twentieth centuryu If so, Amv’ u t 

Initially we will see increased application of presently availame Knowl- 
edge in crop and bvesiock production This alone will go far toward meet- 
ing the goal There could be fewer exports and more imports Some may 
suggest that the number of horses will continue to decrease, but this will 
probably not happen In fact, bghl horses, dogs, and other pleasure animals 
will undoubtedly increase, using more feed than currently 

Crop yields will go up Better and more highly adapted varieties will 
result from continued selection and breeding programs Fertilization will 
increase and fertvlizers that are more efficiently used by plants will be 
developed Irrigation will become feasible on more farms as potential yields 
nse and drouth becomes more expensive These developments, plus pos^ 
sible use of soil conditioners and new ullage methods, will encourage con 
tinuous cropping — production of gram year after year on the same land 
Hydroponics — growing crops m a water solution of nutrients without soil 
— IS a further possibility 

There will be continued increases m output per breeding animal More 
potential breeding animals will be checked for production efficiency before 
being accepted in a herd Artificial insemination will increase, spreading 
more widely the merits of top quality sires The reproductive cycle may 
come under human control and be speeded up, so top quality females can 
produce more oflspnng 

We will learn more about nutrition and will balance rations with greater 
precision Nutrients will be synthesized more economically and cntical 
nutrients wiU be more consistently added to feeds, reducing nutntional de- 
ficicnaes Coarse, fibrous feeds may be pretreaied to increase utilization 
Other developments, ummaguied today, will also have great impact in 
helping the American farmer meet the challenge ^ 


B Livestock Distributiov 


1.5 Livestock Density 

Foreign ArtcuUural Sirtvice USDA 



FARM PRODUCTION OF MEAT ANIMALS* 



try’s supply. Though some large states, such as Texas, produce large quantities, live- 
stock density may not be as great as in some smaller states, such as West Virginia or 
Rhode Island. (AMS, USDA) 

feed from one area of the country to another are so great, it is almost 
economically essential that livestock be raised where there is adequate feed. 
Anything which affects feed supply or production, therefore, will indirectly 
influence livestock density and meat, milk, and egg production. 

More feed, such as grain and hay, can be grown on fiat or gently rolling 
land than on hilly or mountainous areas. Because steep or rough land is 
subject to erosion, it cannot be effectively used for producing row crops or 
grains, which are necessary for the highest yield of animal feed per acre. 
Such land is best suited for timber and grazing. 

Rainfall and soil fertility arc important for the growth of feeds. Water is 
essential for plant metabolism and growth and the soil must supply plant 
nutrients. Soil structure, which is partially dependent upon temperature and 
decay of organic matter, has an effect on feed production. The soil must be 
loose enough to provide aeration and good drainage. 

A combination of these various factors — level or gently rolling topog- 
raphy, adequate rainfall, wcH-drained and fertile soil — are essential for 
maximum livestock feed production. Such a situation exists in the Com Belt 
of the United States, which has very intensive livestock production. Iowa, for 
example, has the densest population of meat animals, producing more red 
meal per square mile than any other state in the country. Adjoining states 
rank high in this respect because of similar soil fertility, topography, rain- 
fall, and other climatic conditions. This is illustrated in Finurc I-I. 
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The same situation is true for smaller concentrated farming areas in the 
irrigated valleys of New Mexico, Arizona, California, and other states Here 
water is supplied by irrigation, but Uie soil is rich and level, and the intense 
crop production is conducive to intense meat and milk production 
Direct effects of cUrnate and location on the animals should also be con- 
sidered Certain speaes or breeds of livestock are more adapted to the 
temperate conditions in the central United States, than to the semitropical 
or tropical climate near the Gulf of Mexico or m Central or South America 
Most breeds of cattle have little ability to perspire to eliminate excess body 
heat In a semitropical or tropical enviroDmem their production effiaency 
is tremendously lowered 

Hig^i temperature and rainfall are conducive to a large number of para- 
sites and insects which hinder bvestock growth and performance Where 
winters are not severely cold, vanous parasites and insects interfere more 
with livestock performance because they can reproduce continually 

Altitude and topography also need to be considered Sheep, sure-footed 
and able to graze closer to the ground, are more adapted than cattle to 
mountainous and hilly terrain Likewise, they are apparently more adapted 
to a higher altitude and lower atmospbenc pressure 
Livestock density is usually not influenced by the convenience of certain 
markets Most often the reverse is true, especially in the case of meat ani- 
mals Markets have developed near livestock production centers, or m a 


Upwe 1 1 Retauve Bulk producuon m vanom stales Note production is closer to 
populauoo eewen than u tnae fw meat animals lAMS, USDA) 


FARM PRODUCTION OF MILK 
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logical location between the producing and consuming areas. Milk produc- 
tion was formerly concentrated near large centers of population, because 
of the perishability of milk. With improved transportation and preservation, 
however, this is less true today (Figure 1-2), 


BEEF COWS ON FARMS 



Figure 1-3. From 1949 to 1956 beef cows in the United States increased 62 per cent, 
or almost 10 million head. One third of the total increase occurred in the Southeast, 
where numbers of beef cows rose 128 per cent in only six years. (AMS, USDA) 

1.6 Shifts in Livestock Density 

It is impossible to list all the reasons for changes and shifts in livestock 
population within and among certain areas of the country. But let us look 
at some of the changes occurring in recent years and try to explain them. 

A most drastic change was the tremendous increase in beef cattle in the 
southeastern states from 1949 to 1956 (Figure 1-3). Without regard to the 
former use of this area, we recognize today that the southeastern states 
have relatively good topography, a soil that can be fertilized, adequate 
rainfall for grass production, and that certain beef breeds arc adapted to 
this latitude. 

History tells us that the area was first used for intensive cotton produc- 
tion. The high price for cotton at the time these states were first settled 
made it the most profitable crop. For more than a century nearly all who 
farmed were cotton farmers. 

In the early 1900*s, however, there developed a tremendous infestation 
of boll weevil. There was no known method of combatting or controlling 
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this temble pest and it co\ered the entire Southeast, destroying crop after 
crop of cotton Many cotton farmers went into great debt 
Because of the boll weevil and other factors, cotton production dropped 
and pnces went up It become economical!) feasible for farmers m the 
southwestern United States to raise cotton The boll wccm! was not com- 
mon in the area because cotton was a new crop there Soon boll weevil 
control techniques were deseloped, as were vaneties of cotton adapted to 
the Southwest 


Even with control of the boll wee\il, much of the Southeast could not get 
back into cotton production Colton had been grown for so many years on 
most farms that soil fertility was depleted Man) farmers and ranchers 
shifted to livestock They learned they could increase soil fenility and 
Structure by planting grasses and raising cattle 
About the same time, ranchers in the «estem United States cipcncnced 
severa sueeesstve years of severe drouth They looked longingly at the h.gh 
Me^iTv grasses grew well there, and that 

am ted tam T" P" ^any ranchers nn- 

paring land m the Southeast Today we see an 
intense beef cattle population in this area ^ 

ofhcdmes for handling da.iy’eattle in thela™ ermaTe’ 

catttrshtp Sinrm" hXr^^^ — ■" «— > 

creased human population and mea ^ ' ' <>) in- 

gatlon, pemmrag increased crop produnr/' m "’'f 

tilirets, and (4) specialization amonv eauirfeeH ’ “?e° “"”"=reial fer- 

have allowed western feeders to produce “ef 

twelvwith Com Belt feeders f efficiently and compete effec- 

pamlfT” ttrc™S"/air .n other 

^tilionfor feeder cattle grown in the westerl'"*" more com- 

prices for theS^ Cedars 

low'i a’ dne^i^s 77/ «■= Com Belt 

hari; Br" 'or feeder 7t£ 7’ Southeast, or to 
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Another reason for this change is the willingness of various organizations 
such as feed companies to finance poultry and hog-producing operations, 
providing both management and marketing help. 

We have reviewed specific cases in which centers of livestock production 
have changed as the result of various economic and technical developments, 
and because of shifts in human population. Such developments and popula- 
tion shifts will continue causing changes in the relative advantage of grow- 
ing livestock in certain areas. Since growing livestock is a business and must 
be finacially successful to be continued, a person involved in any of its 
phases needs to be aware of signs indicating economic changes of impor- 
tance to him. 


C. LtvESTOCK Adaptation 

Various characteristics of livestock influence the adaptation of different 
species to specific areas or production units. The kinds of feed they can 
utilize and their susceptibility to certain stresses — extreme temperatures, 
parasites, and diseases — largely determine the part of the country where 
each species will flourish. Other characteristics are important, however, in 
determining the suitability of each species for certain production units, 

1.7 Digestive System 

Poultry and swine have digestive systems similar to that of a human. 
Their relatively small, single-compartment stomach cannot handle large 
volumes of bulky forages, so these animals (Figure 1-4) depend primarily 
on concentrated grains and similar feeds. Mature sows do use considerable 
forage, but growing swine and poultry and laying hens cannot consume 
enough forage to provide the energy they need. 


Figure 1-4. Hogs and poultry gel most of their energy from concentrated feeds. (Wal 
nut Grove Products Co, and Iowa State University) 
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Cattle, sheep and goats are designed for forage utilization A large four- 
compartment stomach provides ample capaaty for grass and hay The first 
three compartments prepare fibrous by means of bactena! fermenta- 

uon and ihorou^ gnnding for efficient utilization 
Though cattle and sheep can grow mature, and reproduce on forage 
alone, those being fed for slaughter are usually given high proportions of 
grams to speed up growth and cause deposition of fat within muscle groups 
Dairy cattle fed for high milk production also need high proportions of 
gram in their rations 

It IS apparent, therefore that beef cow herds and ewe flocks are well 
adapted to grazing areas that cannot be used for gram production Poultry 
and swine are raised, cattle and lambs are fed, and dairy herds are kept 
where high energy grams are produced abundantly 

Animals which use mostly concentrates are also more adapted to inten 
sive feeding operations in which all feeds ore purchased Grams and other 
concentrated feeds can be hauled and stored in less space and fewer pounds 
are needed to produce an egg or a pound of meat than when forage is used 


1 8 Foraging Ability 

Goats have the ability to graze over rough terrain, to utilize forage 
almost inaccessible to other species They arc agile and sure footed, c®n 
graze close to the ground, and are wiUmg to eat almost any kind of vegeta- 
tion Sheep rank next m these abilities, followed by cattle Sheep and cattle 
are often handled by the same rancher because the combination makes 
eta use Ot grazmg land Callle prefer to graze tall grass rn open areas 
slo^s” 8^55 and forage on steep 


"?n" ■» Sand Hdl, of Nebradra (Amencan Angus 
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Though few grazing areas of the United States are so steep and rough 
that sheep cannot graze, goats are popular in certain mountain areas and 
in the dry, rocky areas of west central Texas. Because of the adaptability 
of sheep to higher altitudes than cattle, many flocks are seen in high moun- 
tain ranges of Montana, Wyoming, Colorado, and Idaho. 

Different breeds, especially among sheep, vary in their foraging ability. 
The Merino and Rambouillet breeds were developed in rough, hilly coun- 
try, so are popular in range areas. Mutton type breeds, however, are 
shorter legged, more compact, and less agile, so are most practical on farms 
where forage is lush and accessible. 

1.9 Degree of Temperature Influence 

Extremely hot or cold weather is a stress to any kind of livestock, but the 
effects are more severe in certain cases. Dairy cattle are extremely sensitive 
to hot weather; production often goes down markedly during late summer. 
Production of dairy cattle is enough lower, on the average, in some south- 
ern states (Appendix Table 10) that it has been practical to ship milk and 
milk products under refrigeration from Minnesota, Wisconsin, Iowa, and 
other northern states. Cold weather is not as great a stress for dairy cattle 
since they consume large volumes of feed and generate much body heat in 
the process of utilizing it. 

Temperature effects on most breeds of beef cattle are similar. Beef cows 
consuming large quantities of forage, or fattening cattle on full feed, are not 
severely affected by cold weather. But since animals of most breeds lose 
little heat by perspiration, extremely hot weather is a severe stress. Cattle of 
some beef breeds do perspire considerably, however, and because of this 
and other traits are more adapted to hot climates. 

All young and small animals — ^poultry, calves, lambs, and pigs — are 
extremely sensitive to cold, damp weather. With a large surface area per 
unit weight, relatively more body heat is lost by such means as conduction, 
radiation, and evaporation. Also, in extremely young animals, built-in 
temperature control mechanisms do not yet operate most effectively. 

Among the other temperature influences is the reduction in feed con- 
sumption of animals on full feed during periods of extremely hot weather. 

Wool on sheep and fat on any animal are good insulators, so help the ani- 
mal to withstand the cold, but inhibit efficient cooling in hot weather. 

l.IO Disease and Parasite Resistance 

Young animals arc more susceptible to disease and parasite inlcstation 
than older, more mature animals. 

Poultry and swine arc most commonly troubled with disease outbreaks. 
Since they arc usually raised in confinement, any organism can multiply 
and spread rapidly. Abo their shorter legs and small bodies may make it 
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he treated often for patasrtcs dunng the summer months This 
a« adap,ed to h.gher al.dudes, whe« 

’’“B«Tand toti"™t™are troubled much less «ith disease and parasite 
infestations than other species This is partially because they are larger 
mote tugged animals and are often kept on grazing land where disease 
organisms are not so concentrated Mote problems are encountered with 
dairy cows or beef cattle in drylot. and include such things as mastitis, foot 
rot and shipping fever 


111 Product 

Penshabilily or stability of product is far less important now than for- 
merly m considenng adaptation of species Refrigeration and preservation 
techniques for milV products meat, and eggs and faster transportation 
have made this factor less significant 

Wool IS a rather stable product, not perishable if stored under good 
conditions It can be stored many months and can be shipped via relatively 
mexpensise carnets, so proximity to wool processing plants is not im- 
portant in considenng sheep adaptation 

Meat IS pcnshable but not until the animal is slaughtered Animals can 
be shipped great distances for utilization, and uith freezing canning, etc , 
onl> cost limits the distance the carcasses or meat products can be moved 
Fast moscmem of fluid milk under refrigeration concentrating, con- 
densing and dr>ing milk, canning cream, and other developments have 
made even the location of dairy farms much less dependent, and almost 
independent, of the site of consumption 


1 12 Labor Requirement 

labor needs of Inestock enlerpnses vary greatly, depending on area of 
the raunlrv size of operation, capital and equipment available, and man- 
ageml si, 11 of the fanner or rancher There are however, some general 
ddlerenas among , pec.es and types of operations which can be discussed 
here Table 1 3 provides a basis forthis discussion 

The labor requirement lor daily cattle is relatively high because each 
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Table 1-3. Relative Labor Needs of Livestock Enterprises 


Labor Labor 

Enterprise quality quantity 


Dairy herd 

Very high 

Very high 

Beef cow herd 

Average 

Average 

Sow herd 

High 

High 

Ewe flock 

High 

Average 

Lamb feeding 

Very high , 

1 

Cattle feeding 

Hog feeding 

Average I 

Low I 

f Depends 

Layers 

Broilers 

Average | 

Average 

^ on 

Automation 

Turkey poults 

High 1 



care must be taken to avoid spreading mastitis or other disease from one 
cow to the next. 

The labor needs of a ewe flock are not usually considered high, but since 
each ewe is less valuable than a beef cow, it may require considerable labor 
in relation to the investment. This can be an advantage to young farmers 
who are limited in capital but have ample labor. The use of considerable 
labor in this type of enterprise may mean a high return on capitai invested. 

In feeding operations involving broilers, turkeys, hogs, cattle, or lambs, 
labor needs can be greatly reduced by automation. The same is true for 
laying flocks. Less attention need be given to individual animals, as com- 
pared to ewes, dairy cows, beef cows, or sows. If adequate supervision is 
given, lower quality labor can be used. 


Figure 1-6. Relatively more and higher quality labor is utilized with a dairy herd. 
(Babson Bros. Co.) 
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Though labor mi^t be considered mobile, since people can move to 
where jobs exist, research has indicated this is not necessarily true. Many 
rural people refuse to leave their home areas, even if better jobs and higher 
incomes are promised. They arc willing to work for lower wages in order 
to remain in their native location. This is one reason why contract feeding 
operations with swine and poultry have flourished in the southern states 
w’ith feed companies and other groups providing the supervision. 

In addition to the total amount and quality of labor for a certain live- 
stock enterprise, liming of the labor requirement is also highly important. 
Where diversified farming is practiced, labor needs of livesitx:k should fit 
crop needs, dictated largely by season. Hence, winter feeding of cattle and 
lambs in the Com Bell not only utilizes locally grow n grain, but also surplus 
winter labor. Similarly, farrowing sows in early spring and early fall makes 
more efficient use of farm labor. 


1.13 Capital Reqairements 

The capital needed for the establishment of a livestock unit is important, 
especially to a young farmer. Most beginnUtg farmers or ranchers ate short 
on capital, yet need quick return. Also, they cannot afford great risks. 

Because of their prolificness and rapid maturity, hogs are probably most 
ideal for a young fanner, from the standpoint of capital, in areas where 
grains are grown. Under typical conditions a farmer can buy ten bred gilts, 
market eighty 200-pound hogs in nine months and have ten gilts left to 
replace the first ten. VTith this or a similar system, the only cash outlay 
for brewing stock is the initial herd purchase and the annual purchase of 
boars. The size of the herd can be increased rapidly. 


considerable capital. 
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Cattle and lamb feeding, though profitable most years, demands much 
more capital and also involves more risk (Figure 1-7). The same is true 
for broilers and turkey poults. Though demanding much capital, these 
enterprises do provide relatively quick return. 

Because forage is the only feed, ranching in the range areas is obviously 
restricted to cattle herds and sheep or goat flocks, or “steer” ranching, 
where calves or yearlings are purchased, wintered, and grown on summer 
forage before being sold for concentrate feeding or for slaughter. Volume 
is essential for adequate income so initial capital needs are high. 

1,14 Building and Equipment Needs 

Because of the need for sanitary handling and quick cooling of milk, and 
in order to use labor on dairy farms most efficiently, equipment needs oO 
a dairy farm are high. Cost of equipment per cow can be relatively low', 
however, in large herds where facilities are used efficiently. 

Shelter needs of livestock are closely associated with sensitivity to ex- 
treme temperatures, discussed in Section 1.9. Baby pigs. Iambs, and calves 
bom on cold winter nights need a warm, dry pen. Baby chicks and poults 
need uniformly warm facilities that are dry and free of drafts. Shelter needs 
of other livestock are not excessive, however, and good production units 
can operate profitably without elaborate shelters. 

There is no limit to the amount of money that can be invested in build- 
ings and equipment. The profitability of any equipment must be determined 
by the farmer or rartcher. 
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the livestock industry 


This chapter is designed to coscr the breadth of the liscstoch 
industry, including much mote than simply production oi 
animals Thelitcstoclt prodottt-gro'acr or fcedcr-dcpcnos 
on many individuals and groups tor "mpcdicnts" fot his ptodocK (mra . 
mill: eggs, and tsool) He is equally dependent on other indisiduaU and 
grouU for essential semccs and for processing and merchandising his 
products 

Markets and meat packers have been a significant part of Amencnn 
agnculture since soon after the Pilgrims landed Woolen mills and dairies 
also developed early as speaalized businesses Vetenmnans have long 
been clearly identified because of their need fot special academic training 
Agricultural colleges expenment stations, and extension education pro* 
grams have developed and distributed valuable informatjon to help gtov*ers 
and feeders produce and market more effiaently 

The increasing speaalization occurring in this century has rather clearly 
defined and difleremiaied several other segments of the livestock industry 
The feed manufaciunng industry, beginning about 1900 as an outlet for 
cenam packing house and other industrial by products, has grown tre- 
mendously because of increased animal nutntton knowledge, specialization 
of the production units, and confinement tearing of livestock, and because 
of the development of teed additives that benefit the IvveslocV. producer 
Pharmaceutical companies and manufaciunng chemists, which produce 
vitamins, antibiotics, ammo acids, coccidiostals, and other feed additives 
may be considered a part of the feed industry (Figure 2*1 ) 

Though livestock equipment has been manufactured for ccntuncs, spe- 
cialization, the desire to lower labor requirements and certain refinements 
in producuon have stimulated interest and growth in this field 

Identification of livestock breeders as a specific segment of the livestock 
industry, relatively separate from commercial growers and feeders, is a 
recent concept In order to continue to improve livestock m breeding herds 
by selection, breeders have had to refine selection techniques, requiring 
more training effort, and equipment Earlier livestock improvement was 
^er because of the great range in quality and the ease of selecting the 
best But as poorer sirams have been eliminated, the task of identifying the 
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demonstration farms where their products arc tested and new mixtures arc 
tried Some also do basic research in animal nutrition, using laboratory 
facilities This survey did not include other employees who arc technically 
trained, such as economists and marketing specialists 
About 30 per cent of the concenlrates fed to lucstocl. are muted and 
sold by teed manufacturers This does not tnelude the many tons of soy- 
“"‘I “•'>« “"S'' h'Sh proto, n coneentrutes sold 

tur dtTrt'.r? Pf "'“"'■fPP- 

uon .s fed re “u ’’T' *PPP'" Propor- 

and neld fir ‘"S'’ P™"'" 'Pqmrtntent 

and need for supplemental vitamins, and also because "eomplet^ rations 

m the ammal. bfe cycle, and spLr.e maorgSrcnTdlns''""" 

Tab,, 2 , 


Species 


Percent 


Poultry — » 

Starter-grower , 

Layer-breeder 

Broiler " 

Turkey 

Dairy 8 

Swine 19 

Beef and sheep ^8 

Mi scellaneous ® 



^ <““non"agVts'’?„r^^^^^ ’■r,' sme, 

bbout 25 to 40 m,ll,on tons TOe nto^^'"*'?' ‘‘“""S that t.mc fron 

toty cattle may seem surprisingly ’"“"“'Mured to: 

SesS '"™even'arerm ke^M d ' “ " 

“urpames to finance “mpeimon has^L^ "“a 

advice and service a ‘ ^.Purchased by fanners “““uraged many 
™d feeders to teed the”ir “mpanies have ’contrak'''H "’“"“5“"’="' 
markeUng help Somci >“ return for fmanc, Srowen 

■case pnee Such arran'™* '™ biding stock is n® "'“"“Ecmcnl, and 
-“■■msecuon vaty greatfy tfa ~ a certain 

‘“ussed in more dc- 




industry as a supplier of ‘Wdients” for^th analogous lo the feed 
or dairyman. Livestock breeders sunnlv rs.^' Sroner, feeder, 

herds and flocks just as hybrid com mm,, '■ stock" for commercial 
Mtn growing or breeder hatcheries sudd 1 v'''v commercial 

Auction. ^"PP'y ohteks for commercial egg prt> 

oneof theestblis'hedbretTo'IgSata that are registered by 

hybnds— special strains which*have been n’™?’ sell inbreds or 

erasing animais which have desired*^aits T r"'*'' 

'’“S’- have develomrt ^ "“PP""* »' breeding 

E-:"Sc;r“ — ' ' 

sekerio^tr “oridcr^ POraonem.' ™ “> ■>'= next by 

suchan^i^’i‘"®“'°“™“'''>'«cam’thB^“I' '■'"''"alcd oniy by 

stock ," «ty7"‘ ™'' «>=lves o^?‘ '^teeders pia^ 

Most b^teTr* >-=- 

Most breed orgamzati™""!.”''”® '’™d. ® r Pnrcs, advertising 

— and 

■’'“‘“'•ion problems "f,J'®T'“"‘’'t-nimaIs, 

22 ' Porchases. The 
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main function of breed organizations, however, is to improve quality and 

production traits within the breed. Because 

swine breed organizations have formed the National ssocia ion 

Records to develop uniform standards tor all breeds for use in selection and 

improvement programs. 

2.3 Livestock Equipment 

Though representing a small proportion of the costs in livestock P™ 
tion, equipment for growing and feeding is current yog ’ 

Mechanization in many operations will improve efficiency o , „ 

size of operation and reduce labor requirements. Deve opme feasi- 

and disease control have made confinement rearing o many 
ble, changing the equipment needs. Uiw cost electrical “ /"“f 

farms and ranches has made possible further mechanization and abor^ 
saving devices. New pieces of handling equipment ave 
These and other factors have antiquated many farni buddings ma^^” 
unsuitable for efficient livestock operations in the last ha o 
century. 


1 ^' 


y */ ' 


• •• . V 


Figure 2-4. Farrowing crates 
to save pigs and milltlng par- 
lors to save labor became 
popular during the 1950 s. 
Lth generally reno- 

vation of old farm buildings 
or construction of new ones 
to be fully effective. (Iowa 
State University and Babson 
Bros. Co.) 
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main function of breed organizations, however is to ^ 

production traits within the breed. Because 

Line breed organizations have formed the National Association of Swme 
Records to develop uniform standards for all breeds for use in selection and 
improvement programs. 

2.3 Livestock Equipment 

Though representing a small proportion of the costs in Lterest. 

tion, equipment for growing and feeding is ^ ° ® j.^ase the 

Mechanization in many operations will improve e eien V nutrition 

size of operation and reduce labor requirements. Deve op - j 
and disease control have made confinement reanng o ma ^ 
hie, changing the equipment needs. U>w cost elecmcal * 

farms anfrlnches Ls made possible further XLISd. 

saving devices. New pieces of handling equipment makine them 

These and other factors have antiquated many farin ^ui^mg , ® 

unsuitable for efficient livestock operations m the last ha 
century. 


FiEvre i-*- Farrowing crates 
to save pigs and milking par- 
lors to save labor became 
popular during the 1950s. 
Both generally required ren^ 
vation of old farm 0 “'ldinp 
or construction of nc* 

to be fully 

Slate University and Babson 
Bros. Co ) 
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Many bams, cnbs, hog houses, and sheds have been on farms since the 
land was first settled, many others were built thirty or more years ago 
when livestock operations were matcnally different than they arc today 
Most midwestern bams, unless recently renovated, have stalls for six or 
eight horses, stanchions or chains for six to ten cows, several small gram 
bins, and a hay loft or mow In contrast, a typical farm today has no work 
horses and either none or more than 40 dairy cows Few older bams can 
be cleaned with tractor mounted scoops or blades 

Present buddings are a real problem on many farms Not designed or 
noiff so™ ore <00 good to tear down but do not 

keofm3r'™ "’=5' 'oooble and must be 

befn butU “tfTr™ Po>otical A few have 

cause the obvious solmion is tr^cl.miMte7hcm‘’"'d 'l'"' 

modem, simple, usable stracture ^ *'’™ "o* “ 

of animals, indratedK op^rtumtv'for tr'" knowledge on shelter needs 
mg Many new and different buiIdmL t, mterested m livestock hous- 
are being planned It is suggested thS ond built, others 

tility and changes m production systems wt, ** designed for versa- 

Some buildings mM be fairly ebbomJ’fF-*' oT '"""“ble 
Md baby pigs must be insulatL for bother*!"' ^ ’ Housing for sows 
Heating and air conditioning are often nmst T '“mmer heat 

mem ts often needed ® “"d other espens.ve eanin- 


Aulomatie waterirf Ta^h?' “^dablc for medium 


•tractor mounted 


scrapers and scoops for 
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large sheds and feeding floors, and various gutter cleaners for dairy bams 
— and pressure water systems have taken much of the labor out of cleaning 
facilities and handling manure. Concrete lots and sloping feeding floors 
have made the job easier and often pay for themselves with improved feed 
lot performance. Much manure is now handled in liquid form, loaded by 
pumps or by gravity, or is permitted to decompose in lagoons. 

Handling equipment such as portable squeeze chutes, scales, and calf 
tables are manufactured by a number of companies. 

Who designs, builds, and sells these buildings and this equipment of the 
present and the future? People who know livestock and its needs, who have 
imagination and mechanical skill. They are a significant part of the live- 
stock industry. 

2.4 Veterinarians 

About 10,000 practicing veterinarians, according to the American Vet- 
erinary Medical Association, help maintain the health of livestock on farms 
and ranches in the United States (Figure 2-5). Others employed by gov- 
ernment regulatory and research organizations are concerned with protect- 
ing human health. Many serve as inspectors, checking processing plants 
for sanitation and poultry or animals for indications of infectious disease. 
Veterinarians in industry or on experiment station staffs are involved in re- 
search work in animal diseases and their prevention. Others operate smal 
animal clinics for pets. 

Figure 2-5. Disease prevention by immunization is a major task of the veterinarian. 
(Iowa State University) 
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Though some of the older vetennanans were trained in pnvate veten- 
nary schools in operation during the nineteenth and early part of the twenti- 
eth century, most present vetennanans arc graduates of one of the 20 
publicly supported vetennary colleges m the United States and Canada 


2 5 Livestock Markets 


The livestock industry embraces the 65 or more terminal livestock mar- 
kets including Omaha, Denver. Cincinnati, and Houston, as well as hun- 
dreds of livestock auctions dealers and traders Marketing naturally in- 
volves truckers railroads, transit insurance companies, banks, market news 
services and other agencies Thongh a detailed discussion of markets and 
how they o^rate is provided m Chapter 20, the geneml role they play in 

the livestock industry should be emphasized here 

Markets are the common link between producer and processor (though 
Ite to tvestoek feed sell feeder lambs and cat- 

•' > -lock auenon i„ Cahtoro,, 
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Since animals at most markets are appraised visually by both buyer and 
seller, or their agents, market men must have a “trained and experienced 
eye.” They must be able to estimate weight, quality, and, in the case of 
slaughter animals, dressing percentage. Profit or loss, for the buyer or seller, 
often depends on the accuracy of one man’s judgment. 

2,6 Meat Processors 

Finished cattle, hogs, and sheep go in one side of a packing plant — ^beef 
loins, hams, sliced bacon, legs of lamb, weiners, sausages, lard, and hun- 
dreds of other meat products come out the other. A packer is really a “dis- 
assembler” of meat animals. But he also prepares some of the disassembled 
cuts so they are ready for cooking, or in some cases, ready to serve. Chap- 
ter 24 is entirely devoted to meat processing. 

The word “packer” was first used to describe a meat processor in the 
late 1700’s, when most meat was packed in salt, in barrels, for preservation. 
Mechanical refrigeration was not available and packing in salt was the best 
preservation technique known for storage and shipping. 

Currently there are over 3000 slaughtering establishments that each 
handle over 300,000 pounds of live animals annually. There are also sev- 
eral thousand smaller plants (Figure 2-7). 

Most large packers turn out a wide variety of meat items. Most good 
quality lamb and beef leaves the plant as carcasses, halves, or quarters; 
nearly all pork carcasses are broken into cuts. Pork loins and shoulders 
may be distributed fresh, but hams and bellies are usually cured and 
smoked. The bacon (cured and smoked belly) is sliced and packaged. 
Lower quality carcasses of all species are often "boned out” in the plant. 
The lean and fat are ground and made into weiners, sausage, chili, or 
other “prepared” meat items. 

The amount of processing — preparing meats for cooking or for the 
table — is increasing in most plants. Most packers prepare oven-ready or 
pan-ready cuts — packaged, weighed, and identified by brand name — ^which 
are displayed by retailers in self-service coolers. Several packers sell frozen, 
boneless steaks, roasts, etc., in family-sized units so the housewife doesn’t 
even have to carve around the bone. 

Such services cost money, but as the level of living has risen and as an 
increasing number of housewives work outside the home, consumers are 
willing to pay for, and even demand, such services. This means that the 
meat processing industry not only slaughters, chills, and distributes beef, 
pork, and lamb, but is a complex industry preparing and delivering meat 
items the consumer desires. 

Efficient meat processors have buyers who can accurately appraise ani- 
mals, production managers who can direct crews of men, meat specialists 
who know meat and meat-product preservation and quality, salesmen who 
are sensitive to consumer desires, and other important, highly trained people. 
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2.7 Wool Markets and Mills 

This topic — the movement and conversion of a freshly clipped fleece into 
a woolen sweater or worsted suit — is analogous to the previous discussions 
on livestock markets and meat processors. 

Because not as much wool as meat is produced in this country, and be- 
cause wool is not a highly perishable product, there are fewer wool mar- 
kets. Most producers are a considerable distance from a market. 

Boston, considered the center of the wool market in the United States, 
is where most buyers and sellers meet. Buyers represent specific mills or 
groups of mills. A seller may represent an independent trader who has 
purchased wool from many producers, but more often represents a wool 
marketing cooperative, formed by a number of wool producers in the same 
area. These wool marketing cooperatives, or “pools,” are numerous. Be- 
cause they are large and represent many growers, they have considerable 
bargaining power at the market. 

According to the 1958 Census of Manufactures, over 600 woolen and 
worsted manufacturers in the United States produced and distributed over 
a billion dollars worth of woolen cloth and fabric. Over half of the mills are 
located in the New England states, having developed there in the early 
settlement days. Though this area provides ample water power, labor costs 
have risen and some mills have moved to southern states. 

Much of the wool used in the United States mills is imported, primarily 
because of lower prices (even after import duties are paid). 

The fascinating story of the wool fiber and how it is made into cloth, as 
well as a comprehensive discussion of wool marketing, is presented in 
Chapter 27. 

2.8 Dairy Plants 

Because milk is a perishable product most small towns and villages have 
long had dairy plants to separate, pasteurize, and bottle milk for consum- 
ers and to make butter, cheese, ice cream, and other dairy products. But as 
the perishability of milk and milk products has been conquered by refrigera- 
tion, drying, condensing, canning, and other techniques, and as packaging 
materials and transportation have improved, the dairy processing plants 
have centralized considerably. Former plants in many small towns are 
closed. Fresh milk is often hauled many miles in refrigerated trucks for 
processing. Products are then redistributed over a wide radius. Between 
1940 and 1960 the number of plants handling dairy products dropped 
sharply, though total production increased materially. 

Most plants are privately owned, many by large corporations who oper- 
ate several plants. Others are operated as producer cooperatives, usually 
handling milk from a wide area. 
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Since milk is still a potentially penshable product, most cities enforce 
rigid sanitation ordinances pertaining to milking facilities, transpiortation, 
processing, and storage 


2.9 Government and Educational Agencies 


Vanous governments, especially the federal government, spend consid- 
erablc money annually m (I) inteiprcling and enforcing laws and regula- 
tions concemmg imports and exports, animal health, and processing of am 
mals and animal products, (2) grading livestock products into quality 
groups, ( 3 ) supportmg rcrearch ,n animal production, marketing, and 

rschMi?n’ “ ' sludents, fanners, consumers, and others 

m schools, umversities, and extension programs 

exe“uTeVbt"fe 

mortem examination of slaughleredTik and oln'h 

enforces sanitation requirements m 5131101,^^ velennanans, and 

2 8) All meat shipped n mterstate 

spected and Passed” ' commerce bears a stamp “U S In- 
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States also act to regulate marketing and processing, as well as 

feed laws, which generally require that commerc.a feeds ^operl^ 

tury was produced on nearby farms and processed ■" 

animals and animal products as weU f 
and employ specialists to do the gra g 

cording to USDA grades pays the USDA for tos^sem^^^^ 

leglsln“:S:'‘statT ?;°e"h dev^pmen. '"t Z 

many are now in advanced study to earn 

plete only a four-year P™8 ’ philosophy Degree. Some statc-sup- 

pmt“ools. otethan land-grant collep, also teach courses pertaining 

to the animal mdust^, as do^manypnva^^^^ intensive research pro- 

Land-grant colleg marketing, reproduction, meats, and other 

grams in nut , « fcuUural Experiment Station and finaneed by 

federnHnrsmte funds as well as private grants. The Agrieultural Extension 
Sei^ki an integral part of the Agrieultural College at most Land-Grant 
scryiee, an imcg p educational programs involving farmers, 

n“ oth s XTg -eultura. interests, and consumers. Subject matter 
s^itos aid the county agent, farm f^iser or extension director and 
other extension stalT located in each county (Figure 2-9). 

Privalely endowed research organizations benefit the livestock and re- 
lated induLies. Trade groups, representing various segments of the m- 
dustrv not only promote their products to encourage tnereased eonsump- 
dM but .also support research and educational programs in public and 
private institutions for the entire Itsestock industry. Among these arc live- 


I — 



SSL" ejtenuon specialhB. led (oresround, «ork «ilh livestock 

uZersity) '°“ “’""s" prostanss started. (Itswa State 


Manufacturers Associa- 
and 'ftrLtnoT. • "I'" Dairy Association 

cil. Activities o! such organizations arc Grower’s Coun- 

industry members, membership fees aS ^ 

and seller at the market. ^ contnbutions from buyer 


2.10 Horses and Ponies 

On January 1 1967 ihurtt 
mules on farms. Though many" 

well as sorting and herding cat, Ic S areas, a 

primarily for pleasure. This estimate h™ are ownci 

kept in non-farm stables and used tor nle°” ""rintlc many light horse 

shorter work weeks, and an in^set .1“''’ ” “s’'" »' 'i""* 
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LIVESTOCK SCIENCE 


Livestock production on farms and ranches today is not con- 
sidered a craft or an art by successful producers. It is a 
competitive business where management decisions are based 
on scientific principles. The same is true in the feed industry where elec- 
tronic calculators and automatic blending equipment are replacing the pen- 
cil and scoop shovel. In the meat industry assembly-line smoking of bacon 
with electrically charged smoke particles is being tried. Meat is preserved 
by refrigeration, irradiation, and antibiotics, rather than in salt barrels. 
Similar developments in all phases of the animal industry have put the 
spotlight on science. 

Just as Chapter 2 presented a panoramic view, showing the breadth of 
the animal industry, this chapter is devoted to illustrating the depth of live- 
stock science. Farm and ranch management practices, nutrient levels of ra- 
tions, mating programs followed by a livestock breeder, ham curing tech- 
niques in a packing plant, assay procedures used by a state feed chemist, 
and other such “routine” procedures, are based on a number of scientific 
disciplines. Genetics, chemistry, mathematics, physics, economics, physi- 
ology, bacteriology, and other “pure” sciences are the foundation of live- 
stock science. 

Scientific journals, such as Journal of Dairy Science, Journal of NiUri- 
tion, Poultry Science, and Journal of Animal Science, serve as official rec- 
ords of new information (Figure 3-1). Research conducted at state agn. 
cultural experiment stations, as well as other public and private research 
institutions, is summariied and printed in these volumes. Such research is 
the basis of many common practices and procedures on farms and ranches 
or in processing industries. Research reports also guide other research 
workers in the quest for new knowledge in animal science. Research may 
also be summarized in experiment station bulletins. 

Men who work with livestock arc becoming more objective. Though most 
continue to have an intense feeling for livestock and the livestock industiy 
the desire for profit clearly exists. Farm animals are meat, wooi, and milk 
producing factories. Profit-minded growers and feeders must know thsjr 
factory — what it consists of, how it works, what factors inffucncc it, what 
can make it run efficiently — and they must be conscious of product qualitv. 
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3.1 Heredity and Environment 

One of the first concepts that must be established in studying iivestoch 
is the relationship between heredity and environment. Any anirnal, at any 
time, is a product of its heredity and the environment to which it has been 
exposed. 

Heredity includes those traits or (actors s^Wch arc transmitted from one 
generation to another by the reproductive cells of the parents, the sperm 
and the ovum. Environment includes the many additional factors which 
might influence an animal’s performance after its heredity has been estab- 
lished, such as ration, disease, climate, housing, water supply, mechanical 
injury, and other aspects of management. 

It IS important to realize when during the life cycle of an individual 
heredity and environment exert their influences This is illustrated in Fig- 
ure 3-2 It can be seen that the heredity of an individual is determined at 
conception when the sperm — the reproductive cell from the male parent — 
and the ovum — ^the reproductive cell from the female patent — unite to (ortn 
a zygote. The details of this fertilization and the mechanics of heredity are 
discussed in derail in Chapters 13 and 14. 

Any influence which is exerted upon the individual following conception 
is considered environmental This includes the time that the developing 
embiyo is contained inside the uterus of the dam. For example, nutritional 
deficiencies the dam may incur during pregnancy can seriously impair the 
S4 
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Heredity 


Environment 

ration 

disease 

climate 

housing 

water 

farmer 

injury 



Ovum 


Conception 


Figure 3-2 The heredity or genetic make up of an individual is determined at con- 
ception, when the sperm and ovum unite to form a zygote Anything which later 
influences or affects the individual is considered environmental 


development and later health of the offspnng One specific example is vita- 
min A Dunng the dner years, especially in the southwestern part of the 
United States, many cows receive very little vitamin A during pregnancy 
Calves are often weak at birth, some are blind or have weak eyes There- 
fore, such a defect at birth may have an environmental cause 

The presence or absence of many diseases will influence whether or not 
the embryo lives long enough to be bom Leptospirosis and brucellosis can 
exert a direct effect upon the embryo and can kill it before birth In such 
a case the death of the embryo is caused by environmental factors (dis- 
ease), not by heredity 

It should be emphasized that the genetic make-up (heredity) of an indi- 
vidual does not change after it is once established * Environmental factors 
which might influence performance or visual charactenstics of an indi- 
vidual do not change the genetic make-up For example, a cow with a 
“blind” quarter (one teat not functional) because of injury or mastitis in- 
fection will not genetically transmit this trait to her calves A sow stunted 
m size because of an inadequate ration will not genetically transmit this 
charactcnslic to her offspnng Nor will a ram with a broken horn sire 
lambs with the same trait 


3.2 Nutrition 

Animal nutrition knowledge has developed rapidly dunng ibe last half 
century It has been the most studied of the environmental factors influcnc- 

I Rnrc chnng« in genetic mike up are cauieil b> mutation but these arc not of 
common occurrence anj wiU t\o\ be discussed m this text 
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mg animal performance Though the need for carboh>dratcs, proteins, and 
fats m animal diets was recognized carlj m the nineteenth century, it was 
not until about 1910 that Babcock, a chemist at the Wisconsin Experiment 
Staton, and his associates demonstrated that other “factors” were also 
needed In their studies rations composed entire!) of wheat (plus salt), 
containing ample carbohydrate, fat, and protein, failed to support normal 
growth, reproduction, and lactation in heifers Heifers receiving only com 
(and salt), however, grew well, each produced a normal calf, and they 
produced three times as much milk the first month after calving as the 
wheat group We now know that vitamin A activit) in com, but not in 
wheat, was the mam cause of the contrasting performance 

Since most vitamins are rather unstable, complex, and present in minute 
amounts, identification of them is a difTicuU task Vitamin A was identified 
only after successive demonstrations indicated the presence of a beneficial 
teor m m, Ik fat, vegetable foods, and cod l.ver o.l, as veil as in com 
aetntml procedures disclosed the factor vas m the fat-soluble port, on of 

lent sourer r.u r"" “ “‘'h pigments Other po- 

tent sources of the factor, hmsever. were colorless Today wc know the 

- — - -- 

ured by chemical orocfidiiri»< potency of livestock feeds is meas- 

color produced when a certain ehoS* 

of the vitamin 'o «tmcted solution 

charactenzed by 'simiIar''cSical'"'' ond 
termining molecular weight, ■>'- 

anions, and transmission of light Onre ih, ^ “'o'- re- 
structure of a complei nutnent is established imposition and 

toes to reproduce it An architect with at ^ manufacturing chemist 
'a- key parts, and is often suSm "o" '■> build cer- 

plants and in developing commeraal ® functions of 

tunng die pure „u,nLs STe 'bem.cally manufae- 

chemical synthesis procedures have not veTh^' complex nutnents. however. 

Chemical and physical nr„,^ ! ^ ‘ ‘‘'''doped 

baKs tor many nutrient assay teclm ” mentioned above are the 

other m "‘"““on m """'re' “bemtsu 

ain,mnT'®‘‘"'‘'""‘"'“'=‘‘‘8'n‘vetacrnu,' “nd 

S (containing water, feed. 




rAmnvM then centrifuged, nnd the liquid is placed 
Figure 3-3. Rumen f ^ Nwe the special equipment, needed to simulate 

in the artificial f" Co “Si lowa'^Sta University) 

rumen conditions (Chas Pfizer « i-o. anu 


and microorganisms) is removed for study in an “artificial rumen” (Fig- 

the skin and the wall of the rumen (just under 
When the ^ ® together, as a buttonhole is made in a double 

screwed into a pliable fitted casing. fnhpc F'lch tube 

'T-i. ^.mpn consists of a number of small test tubes, tacn luoe 

• fiu ^/'^•'th .tnined rumen contents, including microorganisms. They are 
is filled with < carbon dioxide is bubbled through, to simu- 

iTmnemture a^d body movement of the animal. Nutrients or 
late normal t p various tubes, and the effect on the 

other Knowledge gained here may later be ap- 

Xd to^cattle feeding. Rations fortified with certain nutrients or feed ad- 

'*''physTolow^he°swX"t '<>>= func‘io"'>"S of 

Physiolo© nutritionist. Most nutrients actually do their 

ioTwXn tissues, so proper functioning of certain tissues and organs often 

serves as a measure of nutritional adequacy. , , , 

q^edv formulation of nutritionally adequate rations and supplements 
ean^ accomplished by an electronic computer, utilizing certain principles 
. C o.tcc and physics. Information on nutrient requirements, ingredi- 
of mathem jngrcdicnt cost is fed into the machine via special punch 

ent ana [onnula which best meets the requirements is calculated al- 

cards Statistics, a branch of applied mathematics, allows 

""r' 'd* reliable interpretation of nutritional research results 
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3 3 Shelter and Taolities 

How much shelter does an animal need for top performance in the win 
ter*’ Can air conditioning in the summer be practical Is there a difTcrcncc 
m the effects of different building materials'^ Will cement feeding floors pay*’ 
These and other questions concerning shelter and facilities arc currently 
being investigated 

Though most livestock shelters now on farms and ranches were built to 
protect livestock from the heat and the cold so apparent to the farmer and 
rancher current interest is directed to the exact amount and kind of shelter 
needed by the animal for top performance Basic research in fully insulated 
chambers at the Pennsylvania Missouri and California Experiment Sta 
tions has measured the effects of various controlled temperatures and hu 
midity on milk production in dairy cattle and growth m meat animals With 
such data the practicability of providing shelter and artificial heat and 
cooling to counteract climatic conditions can be determined 

A number of southern experiment stations hate measured the benefits 
of shade sprinklers evaporative water coolers or refrigerated air condi 
tioners on milk production Iced consumption gams on pasture and in feed 
ImimM r I ''t a P'8* ^ senes of buildings con 
oerfomanee at thT”^ n information on pig 

Samternnef of ih r S“>'0" A part of this problem is the 

s=:;:;;t5Zrrr 

3 4 Disease Control 

eauTautaVn?T2,“e™':r,L"‘"^^^ of .he 

tenum virus or other orgaLm fnvled and m 

classify organLms“e™T.IXthi?grL"^^^ 

growth media they thrive on and "f't't'onal 

solutions known to contain discasc-causinr“‘^“"“ ‘^'"’•'"“cd dilution of 

teristies of organisms separated fa if "'"'"‘"’E “^harae 

causative agents In this mannt "r»m 1*'“" ‘‘"™* 'he tdenttfreatton of 

W" tohavee=na:“"hX~ by other „vi„g organ, sms and 
‘"botatory aaU in animals for eff^n "o.h in the 
•tcetiveness against the disease producing 
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the disease, may be developed. weights of animals, 

Dosages must be worked out 
and the effect of these disease-combatting 

aspects of animal physiology and Pf j ^^ 0 ^ generation 

Many diseases and “low l^^el” infcctmns are 
to the Lxt in livestock herds and flocks by l,y 

prevented by taking removed from the uterus into 

gery before natural parturition. ^ . facilities and are raised in a 

sterile bags, then taken to new or s ,,andled this way are often called 

relatively disease-free environment^ Pig^handled.^^^^^^^ 

“SPF” soecific oathogen free.) Orowtn a 

mairoften markedly surpasses that of the P™ ®f,X“ading programs. 
In some cases, effective disease ^at nutrUion fs also 

Resistance to -nain diseases can be 

involved in resisting diseases a . exposure to severe stress con- 

ject to certain diseases during and shipping, 

ditions, such as cold, rainy weather, or long-distance shipping 

3.S Physiology of , ewe normally 

Though a cow usually gives bi ^ i,h 

produces only a single ‘™b o > ^j,y ^any ewes come in 

eight or more pigs m h ' ,he fall begin? 

heat” for breeding only after th physiology of reproduction 

Much research is currently^^^^^ 

to increase the number of o P ® ; are bom, and to improve 

control the time "^en calves I P, Artificial insemination has 

survival rate during embry recently has it been possible to dilute, 

been practiced for can be sired annually 

store, and ®J''P f Sdentists had to learn how many sperm were 

by a single '"Sh 9““'*'^ j ,^n,an. the amount of energy and nutrients 

contained in a S'vcn qua ^_y metabolism could be slowed down 

they needed for ’ distant points and remain capable of fcrtiliza- 

don" UsTot artificiaf insemination allows faster genetic improvement of 

an-^alsbecauseonly^^^^^^^^^^^ u. of top 

T^cre arc Hormones have been found which cause 

quality cow , ’ , the female reproductive cells. After insemination 

r”r'':red ovrmay ^ flushed from the reproductive tract and pted 
the fcrtil . of ••host" cows tor embryonic development. This 

in the repr .successful in a few cases but the results are not con- 

enough to suggest commercial use of these homioncs. 




Figure 3-4. Counting live 
embryos from a gilt slaugh- 
tered during pregnancy. 
(Iowa State University) 


productive organs can be closely cteckedTp?^” mT™"' "" 


3*6 Genetics 


Certain characteristics ate passed from 

genes carried in the reproductive rSulTu 8=neration to the next by 

rngs of itvestock. preLnee or aSn^’^' '>■= Color ntark- 

riotermined hv rrattle and sheep, and 

and dam All productive traits such as m •'“emitted from the site 

rate and carcass composi- 
oraHe tunueace. «>“ugh environment exerts comid- 
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tistical formulas and techniques. tendency of certain kinds of 

Livestock breeders also want t . c juj.}, mutations which are 

genes to mutate or *0 Prop mutations. Mice, guinea 

desirable, and the types of thing jpged and economy 

K;S“irsS’ob«i;5 L w««d w .™.rf .*"«.« t- 

application to farm livestock. 

3.7 Selection of Breeding Animals ... 

Controlled studies have ‘"‘''f sLh as 

conformation of livestock and ce am jmowledge has en- 

milk production, rate of gam, and search for more accurate devices 

eouragedUvestock breeders and gmwersmsear^form 

than the human eye for appraisi g 
selecting replacement females, or or p g 

A pencil and a scale am the simp^es^^^^^^^^^ 

“Xtfnrp^S^^^ and number of oifspring; the scale measures 

milk production, growth rate, and feed con^mp^ ^ Fatness in a po- 

Someothercharacteristmsamnotso p,, 

tential breeding animal can t & ^ j,og 

measuring it have been devaloped^ Smee^‘he m ^^y 

contains few capillanes ana ’ . chemical analyses of carcasses 

the fat thickness without ha g w V& percentage 

have indicated fat thmkness is CO ^ „„ ,,, dif- 

of fat in animal- A A flaw detector, 

ferent electrical conductivity 


•mtrted from the tube held against the pig’s back. The 
Figure 3-5. Sound waves are emiuc junctions is indicated on the screen 

time it takes for them to bounce oacK 
at right (Iowa State University) 
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used to measure fatness m cattle or hogs, emits sound waves and records 
the time it takes for them to bounce back from a junction between tissues 
(Figure 3 5) 

The conditions under which animals will be kept may influence the type 
of animal which should be selected for certain farms and ranches, there 
may be a hereditary environmental interaction in some trails Identical 
twins, which carry identical genes, can provide information on this topic 
if each member of the pair is subjected to a different environment and per- 
formance IS measured As in other research the applied mathematical sci- 
ence of statistics helps interpret and measure the reliability of such informa- 
tion 


3 8 Merchandising 

Ronomics— the field of supply and demand and the factors affecting 
each— must be fully understood for effective merchandising of meat, milk, 

measurable factors such as 
IralsT P'S fatrowings. and government support pro- 

m^d ^eh arhioh "V '' P'“'“P''P" Effects on consumer de- 
eomla“e?s,n« nne” PPPP'mmn, and income are also 

..mrn“ P'Pj-PPn pbns regarding 

also use this information lo anlieipate he^Tr?'^, a 

sales campaigns accordingly ^ ^ and to plan 

petitive produns RriativdVmetaTc'dOTan^T"’^ demand tor corn- 
consumers tend to buy regular ouam "’r "v ^ Product means that 
remains stable, mcrea^s, m^S^sL ""p*" "’P P"“ 

sumption depends heavily on pnee and finf 

Surveying consumer desires IS an mm.-. condition of purchasers 

distng animal products As the Amenca *nip>ortanl part of merchan- 
wider vanety of products risen and a 

more particular To eSeetively rompetc ™ih I Eeoome 

Md wool must be in the form cousuto,^ P^Pdaets, meat, milk, 

wVm'""* “p'ologists uncover human mn^ conducted 

whe heroes food products paeka7na P"d Pr=rtain 

jeeted by the housewife ® ” ’ ’''E might be accepted or re- 

3 9 Product Quality 

''O'h nmnems djemg properties. “t^Riu'^ 'Measurements of di- 

-faction thrmigh Its gavor.'lr'rrLtml^s:^ 
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..d othdr s.db ftOor., Id M ^ 

"'L-dis ai,d. I. .»« 

mild flavor; others like a more nrefer as little fat as possi- 

considerable fat intermixed with e ea^ , ^.Q^sistently purchased for some 
ble. Milk with a more golden color is consi^enuy p 

households; in others, pure white IS conside^^^ .• 

Coupled with the lack of umformi y , j„gasure quality factors 

there are few techniques or devices to qua , tenderness and 

in meat or milk-flavor. P-'-‘f‘!>‘y’,f/™Hable indicator of tender- 
juiciness of meat. A sheanng device is a fairly rehah^e^ 

ness; fluid forced out of meat under p measuring “connective 

ate recently developed chemica tenderness But much reliance 

tissue” in meat and thU P Xirst^bT^ on panels of 

for measuring "^^edlj d.slriminate among various flavors and 

trained people who can repeaie y 

other food characteristics methods of appraising quality of ani- 

Though more accurate and « techniques mentioned above are 

mal products are still being effects of nutrition, management, 

now being used justL breeders are searching for better 

and inheritance on ^“"‘^bV,“dmg animals, so are processors hunt- 

indicators of productive ^ Jty cattle, lambs, and hogs for 

ing for better indicators of p dling procedures, and their effect on 

slaughter. Processing, storage, and JimKlling pro 

product quality are also being app > 


Figure 3-6. A trained panel scores s 
treatments. (Am. Meat Inst Foun 


samples of beef subjected to various tendcnzation 
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3.10 Product Preservation 

Until development of mechanical refrigeration, most penshable food 
products were preserved by drying, salting, or canning — effective methods 
employing sound pnnciples Most spoilage of foods, other than the oxida- 
tive changes in flavor and color, is caused by certain microorganisms which 
need water, air, and nutrients for survival and reproduction Some are also 
extremely sensitive to concentrations of salt and other minerals Drying of 
food eliminates the water Salt has much the same effect, removing water 
from tissue cells by osmosis, and may also directly inhibit the organisms 
Canning cuts off the oxygen supply which most bactena need and the sup- 
ply of carbon dioxide needed by yeasts, some of which can also cause 
spoilage 

Cooling or freezing is effective in preservation of meat, dairy products, 
and other foods because most bactena arc either killed or severely in- 
hibited, depending on the temperature Refngeration also slows down cer- 
tain chemical changes which might occur m milk or meat Radiation is cur- 
rently being used, at least expenmcntally, in meat preservation Since the 
meat is completely stenliied, it may be stored for a considerable tune at 
room temperature without bacterial spoilage Meat and dressed poultry are 
sometimes dipped in solutions of antibiotics to increase the lime they can 
be kept m refngeraied display coolers or home refrigerators 
Though the techniques mentioned above are all effective m preventing 
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bacterial spoilage, each has certain effects on the flavor, color (Figure 3-7) 
and desiraWlity^of the product. Salt tends to promote oxidative rancidity i 
cured porre^ecially if poorly wrapped. Meat preserved by exposure to 
radiatiL loses much of its flavor and color, 

sumers. If meat is frozen too cells. 

ti:“ s:: - 

mal products l-lves detailed 
preservatives on organisms, ana also 
characteristics of the preserved product. 
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nutrients 


A nulneilt is a food consliluent that aids in the support of life 
It maj be a single element such as iron or copper, or it may 
he a large complex chemical compound such as starch o 

protein, composed of many diflercnt units , , n 

About 100 different nutrients are known to have value in livestocs la 
tions Many are individually required for normal body metabolism, growth, 
and reproduction, the others arc either not essential or can be replaced nj 


Good nutation in farm animals is greatly dependent on agronomic sci- 
ence since plants and plant products are the ultimate source of most im 
tnents m livestock rations Some rations contain animal by product feeds, 
but nutnents m these feeds had their origin in plants 


4 1 Nutrient Formation 

Nutnents that are a single element are absorbed from the soil by the 
many fine, penetrating plant coots These elements may be m free form m 
the soil or they may be contained in simple compounds Absorption by 
plants IS described m Figure 4-1 

Carbohydrates, fats, and proteins, which are rather complex nutrients, 
are manufactured by photosynthesis and oUier chemical processes wi plant 
tissues Catalyzed* by chlotophyl present in green plant cells, photosynthesis 
combines carbon, hydrogen, and oxygen from the soil, air, and water into 
carbohydrate molecules Energy, provided by the rays of the sun, is cap- 
tured in these molecules The net process of photosynthesis is usually de- 
scribed as follows 


6 COj + 6 H,0 + Radiam Energy - Tphotosynthesis I— t-r H r> +6 0 . 

(613Calonc3) Chlorophyl ^ * 


'l™'”' compouml Of Olhtr (actor which speeds up a chemical f 
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Flcurc 4-1. Plants such as corn 
obtnm most of their nitrogen and 
other elements from the soil by ab 
sorption through the roots Photo 
synthesis in leaves with energy 
from the sun’s rays, uses CO* from 
the air and H O from the air and 
soil to build basic organic com 
pounds such is carbohydrates 


1 n form of cncrcy storage in plants, form most of 

Carbohydrutes.thc ma nj ^8 

the plant structure ^ 'Accumulates in the seeds, supplying a con- 

drates after germination and early growth m the new 

centrated source of energy lu b 

generation combine to form proteins) are synthesized by 

Ammo ““1® „„v,ousty absorbed from the soil, with an or- 

incorporation of hydrogen, and oxygen In some plants this 

game unit ‘ „r,u’cd to be an integral part of photosynthesis 

process has been together to form proteins which par- 

Vanous ^,,sn, „nd growth as well as m seed produhion 

ticipatc in plant "t' ‘ pounds of a variety of structures and elements 

Vitamins arc org j,op (heir formation in plants Further 

Photosynthesis is . understood but obviously include chemical rc- 

“ whieirf^m'^pcn and other elements into the compounds 

II iif^P IIP of lissuci or compounds in living animils or pinnis 

- Ambohsm— bu‘''-""P ‘ 
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Vitamins serve important catalytic functions in plants as well as in ani- 
mals promoting nutnent formation, tissue growth, and reproduction Their 
presence in the plant means that harvested plants and plant products are 
sources of these vital nutnents 

Bacteria yeast, and other minute forms of plant and animal life can also 
synthesize nutnents Some nutnents may be produced and elaborated m 
surplus quantities by such organisms Saentists have learned to harness this 
ability by cuUunng certain strains of organisms and punfying specific nutn- 
ents or nutrient combmations from the growth media Individual ammo 
acids and B vitamins are commercially produced m this way and sold m 
capsule form to humans or mixed in livestock feeds 

Certain other nutnents such as vitamin A can be chemically synthesized 
Chemists first learned the chemical structure of natural vitamin A, then 
adapted chemical processes to produce this structure Vitamin A manu- 
factured chemically has the same biologiral effectiveness as the vitamin A 
converted by livestock from carotene that is present in plants 


FlRure 4 3 The six classes ot nutnents grouped according to their functions There 
are exceptions to this generalization Protein supplies energy only when fed in excess 
quantities or when rations contain insufficient carbohydrate or fat Classes of nutnents 
that are coiwidered regulatory may carry nutnents enzymes or hormones (2) 
form a pan of enzymes or hormones or (3) stimulate or catalyze the activity of an 
enzyme or hormone la metabolism 
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4.2 Classes of Nutrients 

The many individual nutnents are grouped into six classes, 
or functional similanties Space does not permit “ 

cussion of all the nutnents within these classes The mam functions of the 

classes are illustrated in Figure 4-2 . tVipv all cnn- 

Carbohvdrates are related both chemically and functionally, they all con 
Carbonyurates a Proteins also have chemi- 

tain the same elements and all can yieio ein-ibjr nrntems 

cal similanties, all are composed pnmarily of 
eventually become a part of new tissue, a ormon , 

Minerals are not closely related chemical ly except that they are .nd._ 

vidual, inorganic elements and also serve to infiu- 

lar Most of them become a part of body structure ana a u 

ence the rate of certain chemical reactions m ° V o.milanties among the 

Further evidence of chemical and/or functional 
nutnents within a class is "/f “/ev^^ all classes of nutnents 

t^e types of functions which 

the nutnents or classes of nutrients perform 
4.3 Carbohydrates 

..nerov in most livestock rations, make 

Carbohydrates, the mam source of en gy m roughages 

up 65 to 80 per cent of used for (1) maintenance, (2) 

Energy supplied by carbohydrates reproduc- 

growth, which is formation of tissue such 

non, and (4) production of ^and ^ - 

tenance includes all that is used for * movement of food 

tion, such as m walking, eating, blood 

through the digestive system , j,f,„ absorption is stored 

Most carbohydrate energy “fby conversion to fat 

permanently or semi I" „ts carbonf hydrogen, and oxygen 

All carbohydrates contain the cl ^ jj^gen and oxygen are present 
The proportion of carbon may va^, similarity and the fact 

m the same ratio as in water (H,U1 , ,[,5 ability to yield en- 

that all carbohydrates have functional similarity 

ergy justifies their classification as “ 8 ™“P carbohydrate content of 

When the chemist or nutritionist pp groups, “fiber’ and 

feeds, he divides this class of ® of feed has been washed 

N F E ” Fiber remains undissolve washing simulates, 

alternately with dilute acid and ^ tj,o mtestinal tract, the fiber 

to some degree, action of ^tes which arc poorly digested and 

eontent roughly indicates the carbohydrate 
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therefore inefficient as an energy source Cellulose, which comprises much 
of the woody part of a plant, is the mam fiber component 
N F E includes the carbohydrates which are generally easily digested 
and therefore relatively efficient sources of energy Starch and sugar are ex- 
amples of this group The letters N F E stand for “nitrogen free extract,” 
adopted by feed chemists because it is a part of the feed that is free of 
nitrogen and is extracted by the acids and alkali used dunng the fiber de- 
termination 


The simple carbohydrate units (monosaccharides) which are manufac- 
tured in the plant and combined to form complex carbohydrate molecules 
are generally ‘he same in both cellulose and starch The units m cellulose, 
ofThTri"’/? * ^ chemical bond Enzymes 

d vial u?r *.s bond, so the m- 

“ n^^biloTbyTelr:^'/ 

N Com"oma?nTl P" 38 per cent 

N F F Sr, C ^ P" cent liber and almost 70 Lr cent 

L"L^::tiTs,it:e:r-?;.Tse'? p"** -he NiEim:::: 

as bulky as hay explain whv cram f 8rams are not 

lot, for qutek fattemng aX Z'"' ''“'“r" 8=’"' ■" «■' feed 

htshproport, on of efficiently dtgestedeartohXr'"'''™ '"PP"' “ 

ene'Zfmt^r:^ 

that forages with a low cellulose content bT Z"?"'*’ '’’““'d recommend 
would like to comply, except that a certain “P'd The plant breeder 
to keep plants standing erect for easv ha amount of cellulose is needed 
light, and maturation of seed heads ^ ^ '*""8, exposure to needed sun- 


4.4 Fats 

la.t:r,^'tr:„7oZ 'ZSrT-^ - ™-'>- ^ pound of d,geste 

fat P"^ fat, however so it, ‘““Shages cot 

mer “ 8'“' ‘hm ^PPWbl efrra '”"*7 supp\ed h 

adSaTaZt^ Zht'-f ™''8^ cal'’IsZSt‘'i; 

quantities have been used"!,”''’ 'a'low can b^ '™"' 

fats are nlcntif.ii ,, j ^ ° " ™minani ration? r» added Limite 
■■costofeZZ Z'' Poce IS low. Zy of Ln ™8 ""'ca when sue 
The t™s^.Z"' T"’ 8''““ P''" f"™'ably on 

unstable m their natun 
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state, are therefore liquid at room temperature. Fats, being more stable, 

ate usually solids at room temperature. measure fat or oil in 

A feed chemist uses an ether-extmct,^^ 
a feed sample so a feed tag often lists ether extract msie 

“'fIs are composed of carbon, hydrogen and oxygen, - ^ 
drates, but the proportion of During metabolism in the body 

son for the greater energy utilizedf oxydation is the process 

cells, where energy-yielding nutne t 

which releases energy from the nut ■ j nutrient and 

and transported via the blood to body cells, reams 

combines with the carbon and hydrogen energy. Since fats con- 

dioxide and water-with the e„er^^ released, 

tain little oxygen, more “‘‘1““°'' fatty acid units chemically united 
A fat molecule is eomposed of three Ja«y^_^ 

with glycerol (Figure 4-3) . Fatty specific metabolic func- 

erties Though all can yield energy, acme have other spec 

tions. 


H 

1 

H-C—0 

I 

1 

%-C-C -c -c -c-c -c 

1 

H-C — 0 

1 .%-C-C-C-C-C 

1 

H-C^O 

4-^-c-c-c-c-c-c-c 

H 

1 

1 

j FATTY ACIDS 

\ 

glycerol 


^_ilv composed oi giyccroi anu imcc 

-■H-.w . ”r«ilh size and other characteristics. All three fatly acid 

fatty acid units vary «n 


Figure 4-3. Fats arc ^ ,-ncin — — 

fatty acid units vary -eed not be identical, 

units vhich arc part of a fal nceo 


-lids the absorption of vitamins A, D, E, and K from 
Fat in the ration . carries these nutrients through the body into 

the digestive system ,i,cjefotc termed fat-soluble vilamins, though wa- 
milk. These vitanu«^=;^^ manufaetured. 

icr soluble form and protect vital organs in the body. This fat, 

Fal serves to energy storehouse, helps suspend vital organs 

which physiologicau) «« 
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but also allows penstaltic^ movement and absorbs shock and sudden move- 
ment 

Fat deposits m lean muscle, which are also energy stores, add to the 
juicmess and flavor of steaks, chops, and roasts The term “marbling” is 
used by meat retailers to descnbe the fine dispersion of fat in the lean tissue 


4.5 Proteins (Amino Acids) 

Ammo acids linked together form a protein Swine and other non-rumi- 
nants* need certain specific ammo acids in their rations, and there is an op- 
timum level of each for maximum performance Ruminants, however, have 
microorganisms in their digestive system which can synthesize any ammo 
acid from other amino acids or from other sources of the needed elements 
In ruminant nutntion, therefore, we are concerned primarily with the total 
amount of protein available m the rauon, but in nutrition of non ruminants 
we must be concerned with the quantities of specific ammo acids This is 
why the words “Ammo Aads” are prominent in the heading of this section 
All ammo acids contain carbon, hydrogen, oxygen, and about 16 per 
cent nitrogen Some contain additional elements Ammo ands vary slightly 
m proportion of nitrogen, so proteins formed by different combinations of 
eZs.r 1 ° of nitrogen An 

meaTunne he ‘>y chemically 

bi te facZs ^ Z ‘*‘''‘'*'"8 '>>' P" or mtiltiplying 

“crlde” oro«in calcnlation is called 

harvested there is conZerlbfc P'""’^ 

nitmtes, am.n« aZdes Z,l 7 ® P'"”‘ ■" 'he form of 

dividual ammo acids not yet built mtoiZ compounds), or in- 

protem as measured by nitrogen coniem*^ molecule Therefore crude 
appraisal of, true protein The quantity ifZouu Z “ P"P““' 

msraZt" ” “■ by pX”STs ”eiS; 

UieZlroTZlZrsl”^^^ p™> 0 »>a, and others) m 

i^tural rations do not contain ammo acids in th *PP”''P ™“o acids Most 
by animals for vanous functions In 5001 ^ “““ P™Ponions needed 

malmiy "" “mpanmem, » . rumen” hi* ““ nimm 

relatively large with 
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to synthesize certain a-no -ids proven. 

utiiized oniy in proportion to the ievel of Ae „se of 

This abiiity of the mminant one third of 

certain protein substitutes in cattle can be supplied by non- 

the protein requirement of mature catt e a" nitroeen source being used 
protein nitrogen. The most common Icids by com- 

in feeds is urea hydrogen, and oxygen from the 

bining nitrogen from “'aa with b _^hy 
carbohydrate m gram or o*er te 

combined into protein m bacter t digestive tract, 

protein source and are digested in 



o - ^ th.r non-ruminanis arc relatively unable to utilize nonpro- 

Swme and otner i»u synthesis. Certain amino acids arc manufac- 

tcin nitrogen for amin organisms,, and arc added to 

tured chemically or oy ^ efficient utilization of the 

rations low in a spe J (Figure 4-5) is commonly used in poultry 

protein. used in dog and swine feeds. A more recently 

rations and has a so . functions like methionine but can be syndic- 

developed com,»undwh.^._^^^^^ 

Sized more cheap!) » 
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ammo unit ^n?COOH ruminants NH« is an 

pounds IS tha basis of tt name '=°n^ 


pr“!y7ut.lcTroLm;r/T?r” P™'™- *= 

tissue Individual ammo acids have many oth *’“1“'"® “"'* '®P=‘™8 

tions Only a few examples are given here 1“"=- 

the stomach and small intestine! as well as th7™'l7"^ ‘‘'8“““" 

reactions m body cells, are comnosed it =“'“'1'“ “ntabolic 

ncids are essential constituenror™? hZi " or more ammo 

body processes Certain ammo acrare „Z"rr""'‘* '''='P ^=Sulate 
othem are concerned with hair and skin pigme„muo„°' formation, 

4 6 Water 

warer 1 amTO^bid™''”'' ">'00 *0 four 

centi^™” “Pf'nn'nately 70 per cent at h7i.‘* “P Pnno'Pally of 

“re7ufhr:xirv“”~^^ 

chemical reactionT n '‘™ ‘’’'"'“I ™ wotcr Water al ” enzymes 

'---.es 

» y Carnes waste prod- 





Figure 4-6. Water is the 
cheapest nutrient It is the 
major constituent of milk 
and of body tissues in young 
livestock (Union Pacific 
Railroad) 



ThTstuut i and oxygen a.on,s released dunng nre.abohsnr. 

and is called metabolic wamr. ^ comfortable tempera- 

An adequate supply „„,ricnts by animals It also 

tore IS necessary for prop „ 

helps maintain good tee ran 

In general the extr othenvise would dnnk 

tional value. It mere y gO „nt water; 

from a tank. Immai p^ 

silages us«=>''y only 10 to 14 per cent water (moisture), 

air-dry condition contain omy 

4.7 Minerals .... 

•nnreamc elements Organic compounds, which contain 
Minerals are m fc .jnjy,,g^ins) ^^iHbum When 

carbon (such as cat eoo'C. until it ceases to lose weight, the 

a sample of feed '* . jicncc. the word "ash" on a feed tag refers to 
minerals remain ** 
the total mineral co 
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Minerals become a part of skeletal structure, but also play essential roles 
in digestion and in metabolism inside body cells Calcium, phosphorus, 
magnesium, fluonne, and certain other mineral elements arc integral parts 
of the bone structure and of teeth Approximately 99 per cent of the cal- 
cium and 80 per cent of the phosphorus present in the animal body is con- 
tained in the skeleton WTien the need arises, calcium and other minerals 
can be mobilized from the skeleton and used for other body functions Ex- 
amples are the remosal of calcium for egg shells \shcn a pullet first begins 
to lay, or for milk production after a heifer or cow calves Excess calcium, 
consumed before these production needs exist, ts temporarily stored in the 
skeleton 


Mineral functions in digestion and cel! metabolism arc not as familiar to 
most people, but arc equally essential Simple sugars which result from 

S compound in Ihc inl«lmo before they can 

"“'I' '"10 the blood stLm 

^Se^c^: 

bod/ eompoundr 

red blood pigment resDonsihlP r synthesis of hemoglobin, the 

body ..ssu/,Todi'::'r;„tmiVa”"rh 

a component of insulin, which contmb thyroxine Zinc i! 

Other examples could also be given “rbohydrate utilization 

ne=''d‘rc~:mrMr lie? » 

shown to be critical' m bactenal dice Pb“'Pborus and iron, have been 
arc also needed for the synthes L of " ™Shagcs Certain minerals 
■""St be available for syalhesis of rler'"’’ ® Vitamins Sulfur 

't.tuemofvi.aminB„ ^ “f methionine, cobalt is an essential eon- 

;a.mnrtTeatrml:;;'S^^^^^^ of minerals in hvestoeh 

to™ Minerals which seL “r^tatysts '7 """= 0 .>s per- 

larpe t, quanttues Shelelal ‘^"^*'0" and metabolism are 

larg^however, as indicated by L pm ‘ for minerals are 

Man/Cemt a ""0 Pbos- 

o°b« hS? The content depends 

product feeds "omposed of planin’ bawst, and 

■ in sodium, calcmm 1 and vanous by- 

' Cniical p • and phosphorus Salt should 

-- - also that uur 
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therefore be supplied 39 

e1,“^— : dica,ciu. P^^osph- or Odre^^ pr^u- 
Ihieh supply both -icium af 

rations. Potassium, manga ’ g_ 2 ). Extra iodine is needed for 

critical in rations for non-rummants ( cv.-,>r>t fnr honemeal a by- 

all livestock where soils are ‘“;,y ap ^supplemental minerals 

product of the meat processing industry, nearly ai ye 

are mined from underground deposits. livestock if nresent 

at extremely high levels m ^ P certL^amount of each is essen- 
molybdenum are also toxic, even thoug 
tial for body functions. 

4.8 Vitamins 

Vitamins are essential organic nutrients fterafa 

or as a source of nitrogen. {.OOOOW pounds) vitamin 

required in small quantities. About S 

for example, is eiiough for "y ° rt of the twentieth century 

when It was presumed that *ese ess abbreviated to 

minute quantities were amines. The te vitamins are not 

form the word vitamin. We now now a part of our 

amines but the word has .j j“ to each other chemically or 

vocabulary. Vitamins are not necessany It functions are 

functionally. They are and separate functions. 

mainly of a regulatory If"'®' ^ized to exist and to have specific 
About 15 diRerent vitamins are recogmze 

functions in animal metabolism. No a vitamins can occur in various 
stock, however, because synthesis of certain viiamins 

parts of the animal body. C It is synthesized 

Farm animals rarely need a dietary 

in ample quantities in animal dssu®^ digestive system and a dietary 

Vitamin K is produced by bacmna n the^dig^ 

source is usually not rreedcd, ““P‘ * u calf. Iamb, or pig de- 

extreme diarrhea or d‘f ®"''® f uterus, several days elapse before 
velops in and is bom frorn the develops so that ample 

the bacterial population of * £ ,orc/in the liver before the animal 

yit^in K can be produced. S'™ <= quantities until intestinal synthesis 
IS bom, and milk supplies additio q 

becomes adequate. ^ dietary requirement for B vita- 

Adult ruminants genemlly do n . pyridoxinc, B.. and 

mins (thiamin, ribollavin, niacin, pantothenic aciu, py 
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Others) Microorganisms m the rumen synthesize these from other nutrients 
and elements, making them available for absorption into the blood circula- 
tory system 

Since ample quantities of vitamm E are normally present in natural feeds, 
the practical concern about vitamins is narrowed down to vitamins A and 
D for ruminants and these, plus certain B vitamins, for non ruminants 
(Tables 6-2 and 7-2) 

Green forage and animal products, especially liver, are good sources of 
vitamin A Dry, weathered grass and hay are very low in vitamin A po- 
tency Deficiencies of this vitamin often occur, therefore, dunng penods of 
prolonged drouth in range areas Carotene and other plant pigments are 
the source of vitamin A potenqr in green forages After the forage is in- 
gested, these compounds are converted to vitamin A in the wall of the 
small intestine and in other tissues Carotene in hay is partially destroyed 
by exposure to the sun dunng cunng Other factors, such as extreme heat 

A potetr“"''’''‘°" 

reanng of an.maU such as broilers, dairy calves, and pigs m confine- 

ram D from Trla n a «’* formation of vtta- 

or kept insidT hoLve7°“"f Ammals raised 
vitamm D ' ’ rations to supply adequate 

harC"cu°a*nd h^s'eaZldVT 7’'' 

pastures therefore are low m vimmin t> '^h°l'" 

high The ultraviolet ravs of the. ’ ^ cured hay is relatively 

in plants the same as m animals It " formation of vitamm D 

exposed ,0 the sun 

poieni jource of vitamm D becomes a more 

" cIl as human d“ts'?r e m™fac" livestock feeds, as 

plants) to ultraviolet rays '>>' «posure of j 


-1:^1 p:«^ forage, anima. by-prod- 

mg, or distilling mdustiy, are also good ,2?’ brew- 

Most vitamins function pnmanlv 'PiPim 4-7) 

c 3 

• '«mimn of prolcm end S “'bobylratc in the 

emend products through the kidney, 


f yeast (single-celled 



i 




‘ ^ I 








■^<J 


~T~r-^ 






» ^ ^'i'^ , 

r^^nrM bv biolocjcal fermentation in stainless steel 
Figure 4-7. B vitamins are produced y ^.andardized for potency, and sold for 
tanks The fermentation product is "'^CorV) 

mixing in livestock feeds (Commercial 


K^ri “.J s»~ •' 

later partkipate in the the integrity of the blood 

capte vitanln C is involved wUh m.neral deposition in the bones and 
alsowiUiheahng of tvounds. 

Members of the B v. amm carbohydrates, fats, and proteins, 

hssues for and amino acids, and recombining these 

breaking ‘ ® also help maintain the nervous system and 

units into body p ■ member of the group has separate and distinct 
the epithelium tiss . mcludcd above Certain B vitamins stimu- 

uncuons some of which consumption in non- 

late appetite an ,^jj,^a,at levels of B vitamins arc sometimes used for 

ruminant anitna . PP , j weather when feed consumption nor- 
this purpose dunng cxtcrcmij nv. 

malty declines. specific functions that arc not known. A 

cluTrrmr°of Scsf:s provLd^by symptoms which occur during a 
deficiency of the specific vitamin. 


4.9 Unidentified Factors 

I ftfl lion to recognized nutrients there apparently arc other factors 
in au i j materials that enhance the growth and per- 

presenl in certain reeuj 
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formance of livestock Until these factors are chcmicallj identified or de- 
fined, they are referred to as unidentified factors 

Dunng the latter part of the nineteenth centurj, a then unidentified 
factor in nee polishings was known to cure beriberi in man This factor, 
identified only after continued research, is now known as thiamin Similar 
examples dunng the first half of the twentieth century could be presented 
for most vitamins ne now recogniK and also for other nutricnls and feed 
additives 

Vitamin B,,, isolated ehemieally in 1948, is a recent and dramatic ex- 
known to contain an * aniipcmicious anemia 
factor By 1945 it was generally accepted that a certain factor (or factors) 
needed for growth of chicks was present in animal b>-product feeds but 
ot m rations composed only of plant materials This factor was desienalcd 
ammal protem factor" (APF). "chtek growth factor " or • factor X" It 
was also demonstrated to be in milk, commercial casein, and liser cxiract 

boas of nutrients already known V ^ nblncnts or combma- 

rummant digestion, when ntcomme^ed^evtis' of ‘"know " 
previously included in the rat.on " nuincnls were 

unidentified factor m alfalfa Laier Put^nce of an additional 

uoa and other miarraf^mpot^'" ra?f?,r 

that the requirement for these minerals '“““"S 'he benefit, and 

function than previously believed h'fihcr for optimum rumen 

«e':rinrreL"rt“^^^^^^^ - P^-nnanec 

are not nutrients These matenah have not r""' “'"P°“"‘ix which 

-- - ^‘‘m^drof sr 

faaor ^ of an unidemified bcneliaal 

““ Feed Add, t„„ 

5 "7'“" p™- 

U°™ds ate not cL^7‘ of infections ail'd d"'"’ ‘“P™'" 

mal metabolism pm "'^^nents because thev ^‘^asc These com- 
) ’ and reproduction ^ essential for nor- 
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Certain of these compounds, though beneficial at recommended levels, 
may be harmful at high levels or when handled by people not familiar with 
their effects, so federal and state teed control officials supervise their use 
in livestock feeds. Antibiotics, detergents, compounds with hormonal prop- 
erties, bacteriostatic agents, antioxidants, and others are included in the 
group which feed control officials normally refer to as “drugs.” Approxi- 
mately 50 such drugs are currently being used in mixed feeds. 

Effects and recommended levels of a few additives will be discussed in 
later sections. 
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How does an animal utilize the nutrients in feed it consuntcsi 
^at are the mechanisms for releasing specific nutrients 
a 11 f L feeds, and moving these nutncnts into organs 

enni“n tiody whcrc they can become part of the animal structure, 

Mntribute to animal life, or help form animal products^ Meat, milk, and 

evrntua'l rUr" "“"“I'Wa products as wool and leather, arc the 
andmetSm “•■'“'■<>'’-<i-£«..on, absorption, circulation, 

go m*the*eastrointtsi !l''i chemical changes which feeds under- 

an^r ri and tntestmeO 

aSd Aythmm ^^ »™lIo»,ng, 

breakdosvn of feed particles intVsSf “““ physical 

exposed for chemral digesuon Cmub f”'”'’ '"""'"’E 5“^=“ 

.a««.ne.sapartofthepi:;Sbtk£''°'’ 

intestinal wall and blood or lymph canillin, mtcslinc, through the 

AlKorbed nutnents arc arculmed to mH ^ ’he circulatory system 

utilized «> ■"dividual cells where they are finally 

cj '^Is'^Shr ’r”- -11, or cell 

fTeSalr A^iracidf:^"^ T - '-her de- 

!?1 ™ - srarTrsXrd 

3rc o 

- ATsTJar^^'^olher oramic com 

> n« that have been studied 
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the ruminant digestive system will be discussed. 

5.1 Non-Rumlnant Digestive System 

Non-ruminants, such as swine, and poultry (and 
stomach compartment. Young calves and 

ruminants until the accessory stomach comp^^ addidonal stomach 

^ Si” 

0.7 pounds; the stomach of a 200 -pound pig ^ , , 

Total capacity of the four stomach compartments of a 100-pound lamb. 

however, is about three gallons (24 pounds). 


Figure 5.1. A diagrumniatic oulHne of the digestive system of the pig. The intestines, 
of course, arc much longer than illustrated. 
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5.2 Mastication 

Mastication, the mechanical breakdown of feeds into smaller particles, 
increases the area exposed for more complete cnzjme action in the mouth, 
stomach and small intestme A pig has a full set of inasors and molars 
for complete and effects e chewing Cattle and sheep have only a dental 
pad instead of top incisors However, since molars do most of the gnnding, 
masticauon of rations by these animals can be very cflective 
The action of the tongue and of swallowing contribute to mastication 
because of the abrasion of particles with others and with the lining of the 
esophagus Peristaltic action which moves the mass of ingesta along the 
digestive tract, may also cause mechanical breakdown 
Bile, produced by the liver and temporarily stored in the gall bladder, 
flows into the small intesune to emulsify fats Emulsification breaks fats 
mto tmy units, increasing the surface area for more effective enzyme action 
breakdown, then, continues even after chemical digestion by 
enzymes has begun * 

cafteX™ do not have teell,. .hay depend on the guzard for mecham- 

SndSr ,1 ^ Pr^once of gr.. as 

Enndmg stones, and strong muscular aelton msure thorough gnnd.ng 

Enzymatic Digestion 

SahvStorawdVrom severafits^oSd 

v.hich catalyzes disestion ot e!irrw,i? n catbohydrase= 

m fte mouth but euough does occur to'relel^a'l'l^"'™ ? 
a sweet sensaUon with certain feeds Th? f I P ' '“^ars, gismg 
emly contains no carbohydrasc ' nppar- 

oar“r(ml~'S;r.“'" ■'-"8 chewnng, Ute 

the feed is swallowed and even after it enter *? carbohydrates as 

tn the stomach stimulates secretion «r v, J stomach Presence of feed 
lowers the pH of the stomach contents an/ which, in tune. 

Special cells m the stomach Iimni- serrot ^ action of ptyalin 

terns into smaller units, polyp-pudes d which hydrolyze pro- 

o(' '■'‘'"’'rnc digestion 

or eomponnd tUey 
e^iion of proteins and hpases 
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polypeptide is a combination of several amino J 

protein; a dipeptide contains two ammo amds. 

trients is dependent on the continuation of digest.on until 

""p ,1P sp,.n '"cllcri 7 ^ 

tinue the protein Jbohydram digestion, releasing mono- 

duced by the pancreas continue the caroonyuiai b 

saccharides (simple ™ears) for ^sorption. Following emulsification by 
Fat digestion begins in * J the component parts, 

bile, pancreatic hpase ^ o,ecular weight, which contain small, 

glycerol and fatty acids. ^ ^ J without complete hydrolysis. Efli- 

short-chain fatty “"fFotever, depends on enzymatic digestion, 
cient absorption of other ,he most plentiful nutrient in 

It is interesting *7 bSns in the mouth. Protein digestion be- 

livestock rations, carbohydrate, begi initiated in the small intestine, 

gins in the stomach and <i'8®7,°JL°ion occurs A typical swine ration con- 
the organ from which most 7.°7carbohydrate, 15 per cent protein, and 
tains approximately 60 per cent ^ developed animals and feeds 

three per cent fat. During n'ment is provided for carbohy- 

ftat are aXontinuing to the sL of absorption. Fat, 

drates, beginning in the mouth a d g hydrolysis for ab- 

present in smaller quantities ana 4 
sorption, receives less thorough diges ivc a 

5.4 Absorption 

„ the circulatory system is not a simple filtration 

Nutnent absorptio process occurring only in living 

process for most nutrients. ^ conditions. Efficient absorption of 

tissues and 5 c„ce of other nutrients, the rate that 

many nutrients is dependent on uic y 
• ^ <» • tiirniich the tract, and other laciors. 

ingesta^ ■7>"°''‘?S„“„.cuminanls (and much in ruminants) occurs from 
Most absorp I enzymatic digestion reaches a climax. The small 

ffie small intestin , nutrients released there can be absorbed before 

miestine IS a long organ s^^ ^ 

ingesta is about 60 feet long. Little absorption, except for 

pound pig, for e P ■ ,hc stomach or large 

water and some sm^u j 
inlcsUnc. 

• Iiitc of comumed feed, ialivn, olher ciir)mc<onlnininE discstivc 

iu:!:«,Tnd;^r ScroorE^m™’ ncscnl in Ihc diE«tive tract. 
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Villi minute proliferations of the small intestine Iinine prosidc on ex- 
tremely large surface area for actisc alxorption I-ach vallus contains an 
elaborate network of capillaries so that only two cellular membranes sepa- 
rate the digested nutrients in the intestine from the circulating fluids in the 
blood or lymph capillaries 

Absorption of monosaccharides the simple sugars resulting from car- 
bohydrate digestion, insoUes phosphorylation or combination with o 
phosphorus-containing unit After this combination moses through the 
membranes and mlo the circulatorv sjsicm dephosphoolatinn occurs The 
phosphorus umt can be used acam. and the motosacchsnde is csrncd to 

rsulcncc tnd, cates that absorpt.on of 
ammo acids, fatty aetds, and gljccrol occurs s.mdaiK 

‘"Mechln™ T"'™® " 'orl^rpuon"" 

presumed ir^t an acuTprSrath°\"'’'r'"'’'''''^ understood It is 

tions are known to favor or mhibu filtration and certain condi- 

that under ccrlam conditions vitamins ^^sorplion It is conceivable 

zymes before they reach the sue of absoJJluon ^ '’5' "I'EtsH'c cn- 

SS Ruminant Digestive Sj stem 

functional game animals, have four 

omas These compalen.s lre l™S =»- 

fourth compartment, the abomasum ^ 1 ^“ "^Eure 5-2 Decnusc the 
nznts, ,t„ called the “true stomir” '” ' to the stomach of non- 


Table 5 1 Approximate Relative r 

__ 'C3poc.,y of Ruminant Stomach 


Compartmenli 




rumen 



. Thi* eul-awav view shows the linings of 

Figure 5-2. The ruminant digestive system. The cut away 


the reticulum and omasum. 


function. .,„™nartments and their tuctions are discussed in de- 

Betore the various P ^ ruminants and non-ruminants should be 
tad. other ^ J do not have incisors on the upper jaw, only a 

mentioned. Cattle an P advantage to this; these animals simply do 
dental pad. There IS no apparem^adv^^B^ 

not seem *° “^P -rowing plant without the upper incisors. 

easily severed from togr SP immediately with very 

Cattle and sheep sw^Uow^ 

little chewing. ^ ® don. Later they lie down in a pleasant spot to 
wiftout appa Previously consumed feed is regurgitated into the mouth 
chew their c ■ .pdis bolus or mass of ingesta is more thoroughly 
for thorough ^^^rrgowed, and another bolus is regurgitated. This con- 
Unues“unm the mechanical breakdown of the usually fibrous feed is rela- 
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lively complete Since each bolus of feed is s^vallowcd into the rumen and 
mixed with other mgesta it is probable that many individual feed particles 
are regurgitated, chewed, and swallowed several times 
Regurgitation desenbed here docs not involve the bitter sensation expen- 
enced by humans and other non ruminants The bolus of feed regurgitated 
by a steer comes from the rumen, which is almost neutral in pH, not from 
the acidic true stomach 


The rumen the largest of the four compartments and the one to which 
most bulky feed first goes, functions as a large fermentation vat Since no 
digestive enzymes are produced m the walls of the rumen and the saliva of 
cattle and sheep apparently contains no carboh>drase, enzymatic digestion 
occurring m the rumen is almost completely the result of bacterial and 
protozoal enzymes 

Millions of bactena, protozoa, and other minute organisms flourish here 
m a mass of water and feed These organisms secrete enzymes which digest 
carbohydrates and proteins, they synthesize B vitamins, and they reproduce 
and grow, incorporating ammo acids, other nitrogen compounds, or cle- 
memal nitrogen into bacterial cells which arc protein for the host animal 
Most of the digested carbohydrate in ruminant rations is degraded by 
“«'“=• propionic, and butyric acids (sometimes 
ft ou^h ^ “u ore absorbed directly 

™oum ftrrjh O' 'yr'oro A small 

store When these nr ^ moorporated into organisms as their energy 

releases this carbohydrTLrfte'lr’acd 

structure for absorption comprising the organism 

g=s?mn‘<;rc”a:^;:;d":m^r:’i:"L^^^^^^ ■'’"™or>'oft m mmen di- 
circulatory system ° through the rumen wall into the 

movements of rummat.on -Ac rclicuftm hf “"n '''y"’"’" 

surface of a honeycomb Ruminalion a "®i’ ^“"over, appears like the 
smaller food particles into the oma 3 „„ PPorent^ causes movement of the 
As indicated in Figure 5-2 the n™ ’ “ " ^ oompartment 
ponded, adjacent, and paralfel of n mass of sns- 

loaves. wift the aid of rCar morm T ^“rfaces These 

fading or crushing of mgesta but ^ ""“y ““ro some 

quantities of water *’"• u'so pemu. absonition of massive 

:d“"“ - ““-"rririte™'-"' ~ - designed so 

down, (“S’ baaeSlrr "“r "( “‘Som ““T 

digesiio, especially of'cclr rh^le^ram 
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o. »b.r. (3, ■— f ' 

needed balance of ammo acids, and ( ) 

5.6 Circulation of Nutrients 
Ab..A.d d.™- .» 

tissues throughout the body. The lymphatic vessels gener y p 
veinous portion of the blood system. intestine eventually 

Most of the blood leaving theabso^twem^^^ 

enters the portal vein leading to t detoxifying ex- 
site of metabolism— degrading an performing dozens of other vital 

eretion products, building blood cel s. and performing 

functions— but is also a storehouse ^ ^ d bathes every ceU in 

The complete cimulatory system whie^^^^^^^^ In a 

circulatory fluid, is ^ j ^ny cell is almost immediately met, 

healthy animal the need for a nut J;,; ^he communication media 

U the nutrient is availab e in adequ^m^ 

for this distribution system ‘S P" 7 regulation of nutrient use and 
mones and other factors '^^Ivstem. 

distribution by providing stimuli for i 

5.7 Nutrient Storage 

. f nf livestock rations is not continuous, nor 
Intake of nutrients m ‘"efo J ^^^ks, or months. Nor is the 
is it always uniform * aniLfbody continuous or uniform. Just as 

demand for nutrients within ^ between rains, the ani- 

cities build '“eryoirs to gu ‘ semipermanently, essential 

mal body is equipped to store, icu p 

nutrients. minerals ate stored in bones and teeth. 

Calcium, Pb°sP‘’°™®; ® ^hne a dairy cow is “dry” or before a puUet 
These deposits ^ ,„,,en the need arises. Each egg sheU con- 

begins to lay, and more than a laying hen would normally 

tains about „,re bone storage is essential, 

consume per day, „„t site of nutrient storage. This storage func- 

.■ fed m to wgh nutritional value of liver meal, a by-product of 

rmcM pmctsto industry. Human nutritionists also recognize the value 

of liver in to diet. carbohydrates are 

Vitamin A, ® temporarily stored in the liver. Liver storage of vita- 
among to nutrrenrs p p^^mre, pro- 

rnin A, jo-piy of to nutrient during the long winter when she 

vides a con i ^^pp,j,ered roughage low in vitamin A potency. Carbohy- 

may recewe ^ “quick-energy” reserve that can be mobilized quickly. 



70 


THE DICCSnVE AND METABOLIC SYSTEMS 


Newborn animals depend on liver nutncnts, stored during embryonic de- 
velopment, for survival 

Every body cell maintains some nulncnt storage which may be small or 
large, depending on the type and function of the cell, and on the particular 
nutnent being stored Active muscle cells in the arms, legs, and jaws must 
maintain carbohydrate stores, plus certain B vitamins, vitamin D, and min- 
erals employed m the energy releasing oxidative process needed for muscle 
contraction Bone marrow cells, which manufacture hemoglobin for red 
blood cells store and use ammo acids, iron, copper, cobalt, folic acid, and 
other nutnents, in addition to carbohydrate 
Adipose and subcutaneous tissue cells are pnmanly energy storage cells 
where little active metabolism occurs Fat. from absorption or converted 
from excess carbohydrate, occupies these cells as the mam form of energy 
storage in animals 


5 8 Nutrient Utilization in the Cell 

nutncnts, such 

s moMsacchandes and fatty acids, ace oxidized or burned inside body 

Stu«':uboTe'’RTu“'' “• 'he C .em- 

di Mhosf present m the H ' ""h «» «lill=«nt enzymes 

ttons proS S o-da^f ' “"h «>'ne''hat related func- 

This oxidation, the reversrirS'oh'V” 

gives off carbon dtoxtde and water as e?^ pr?duel's“"' 


^^ ^hotosvnihcsig 

2 ^ BjO + Radiant Energy.^ Chlorophvl 

(673 Calories) L, 

I Oxidationr ^ 
Cell Enzymes 


-f 6 0, 


n-m.„a.nteuanee,Sowth'rep l J„„'"' 7 '^ “"-Ponuds for later 

nets In a steer being fa.teld P™''- 

ha energy released by “Si" ™ " ^d of gram, much 
molecules "’"hanon. but ,s deposited m cells as fat 

Ammo acids relpncoH t 

s.Srf:V'’“'h=h and™!" ::,X-;hy .n the small m- 

Pru^loTv 8™* w divide i '' P^*" 'h= “» 

° P™'“n depwruo^ r "^'oP-nent therefore rs 

glands and P'^niantation molecules m hair nr \ ammo acids become a 

g'ands and organs to build hormones oeXm?" °‘h- are used rn 
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Excess protein in the diet, jo'^ 2 n'^cJ°ry.yielding compound, 

tions, is usually converted m th expensive. Protein in ani- 

Such protein is not necessanly ’ invTriably is more expen- 

mal rations, from oilmeals or animal l^g^ins. 

sive than the normal energy sources, ^ ohoLhorus and others which be- 
Most other nutrients, besides “7’ Serious cells by help- 
come a part of skeletal structure, play nromoting the build-up 

ingreleaseenergyfromcarbohydratesorfats o bypmmot^ 

of amino acid-containing tissues and products, som 
functions have been previously cited. 
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Farm animals with one stomach compartment — swine and 
pou try, as well as calves and lambs up to several months of 
.. fit, ^ concentrated ration The ration must be 

caoacitv anH a animals have a small stomach 

bacterial dippj^ numbers of microorganisms needed for 

ru n.M/arh,?h for en.w and other 

numents are high m relation to feed consumption and capaciw 

trcto dXd “fow m fir?"*' f " """ 

.n <i-8«hble en=rrCon:„',"at?mar.^^^^^ P 

usually contain only 8 to 14 per cent ^ 

ply energy MolasUs, sugar '’"'"“"'5' 

sources almost devoid of protein Most o^he?* 

and most meat, dairy and fish bv n oh concentrates, such as oilmeals 
tern A lew, suih as Mood mfaltarsS ’ “ "> “ P"^ 

Concentrated rations a?nlv f 1 n /" f “ "P'" P™>™ 

additives, cause rapid g’ainr^SwiL r ""'"ents and feed 

top to market or ?„r fop pr„rcbo„ => 

mowing house means feed is being used Z 

S'chness and death continues until?, mV 'nommm the animal Risk of 
"cut cl imerest on money >h= P^y 

Fuster gams and quicker „ ™ °PP^“P 

2r> 

Sd Kirt r*"' '“‘‘’’’‘S^rrdiowrVd'""'' ^p"* 8"“=’ I" 



Figure 64, An increasing 
percentage of hogs are fed 
complete rations, with in- 
gredients ground, mixed, and 
often pelleted {Successful 
Farming) 




^ hv hind feeding a limited quantity of a concen- 
sult can be accomplished by , 3 ^ 0 , And roughage is often a cheaper 

trated ration, but this require 
source of energy on farms than grain 

6.1 Nutrient Requirements 

. f non ruminant rations ate usually stated as a ptopor- 
Nutrient levels for non . , requirements (except for a few trace 

tion of the radon. eentage of the ration, and the requirements for 

imnetals) are stated as a p grams, or microgtams per pound of 

vitamins ate expressed as unu , 

ration (Table 6-1). ,5 influenced by the volume of feed con- 

The need for nutrients). Protein needs increase with feed con- 
sumed (intake of om enzymes which metabolize energy- 

sumption because pro prn,ui„ is used to replace tissue scraped from 

yielding nutrients ins movement through the tract. The 

the lining of the “'B ^ more protein is needed for this purpose, 

greater the feed co carbohydrate and fat intake. Much of 

Phosphorus carbohydrate and fat absorption, and for metab- 

the phosphorus ‘ nclls. Also, it an animal consumes more feed 

ohsm of these nu j,ic,nally more phosphorus and calcium arc needed 
and grows fasie‘» f ^ 


Tibl« « I Minimum Nolncnl RtquIremcnU of Cerium Non Ruminanls 
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, 0 , steW Er..,h. Tte ...j for —V B vfi.™.* f " 

energy-yielding nutrients. ,„„.,irpments as a proportion of the 

This system of expressing in formulating rations than 

ration is usually much simpler an requirement for 

expressing requirements on a per V nutrients, than the per 

a 100-pound pig is obviously 8 p ’ ijements for these two animals 
day requirement for a 50-pound pig- Q oercentage of the ration, 
are very similar, however, when ^ nutrient requirements are 

There are exceptions to genemhzation that^n^^^^^^ 

proportional to feed intake. ’j -nithelium covering the skin and 

vision and helps maintain the integn ^ . tracts. Vitamin D also has 

the linings of the male and J^P^f^^rfeeTconsumptio^ 
some functions that are not directly _ additives are not necessarily 

Effective levels of certain non-nu.rient f-d nre of 

intiuenced by level of feed ,j,ey are more susceptible to and 

greatest benefit to young animals disease. Hence, higher levels of 

affected by environmental stresses ^ rations for very young 

antibiotics or similar additives are usually used 

animals. .„,ihiotic level and some vitamin require- 

Even though the most effectiv j„,a}-e the recommended allowances 
meats ate not related directly to f jation /or certain weight pigs, be- 
are usually stated ® P'^°P°?°" p,emental vitamins are mixed in and ad- 
cause most feed additives and s pp 

ministered via the ration. -nimals established? There are several 

How ate nutrient tequiremen s experiment stations and by 

techniques used by college ® usually involving large numbers of 

federal and private . I -Huaily, or in small groups, rations contain- 

animals. Animals may be fed question, for instance protein. Precau- 

ing graded levels of the adeauate in all nutrients except protein; 

tions include that the ration . ^ 35 uniform in breeding, weight, 

that all animals, or groups o ^ handled similarly. These 

nutritional history, etc., as P°j ’ ^ p^jed in performance of animals re- 
precautions will insure ^ specifically to the level of that 

ceiving different levels of P™“^Ji“n 3 e„ee. 

nutrient, rather than to ° . j^j, provides normal growth and perform- 
The lowest level of pro e the conditions of that par- 

ance is considered the p necessarily mean that different animals, 

ticular ,ntal conditions, will do as well on the same level 

under different 35 and facilities vary, as does quality of ration 

of protein. Animals, seasoi , 

ingredients. research teams have studied the nutrient requirc- 

Fortunately, -35 conducting their research at several locations, 

ments of the h;(jere’nt inheritance and nutritional histoiy, and prob- 

wUh animals having 
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ably with rations composed of a variety of feeds. Similarity in a require- 
ment established under these different conditions indicates the nutritive re- 
quirement is relatively stable and not greatly influenced by the different 
circumstances. Wide discrepandcs in a requirement established indicate 
these different conditions do have a marked influence and should be con- 
sidered in ration formulation. 

The technique described above for establishing the requirement of a 
nutrient for growth does not necessarily imply this established level is satis- 
factory for other functions of the animal, such as reproduction, milk secre- 
tion, or wool production (Figure 6-2), 


Reproduction 
Growth 
Uver Storage 
Vision 


Normal Histology Q 




A 240 


p25 

IS 


200 


300 


1 U /Kg Body Weight/Doy 
Vitomin A 


400 


500 


SrHH: ™ i"J““ 'l-f ' viumin / 

normal i'’ to the above eraoh Ti^ ^‘logram of body weight pe 

“S S « ■"“h fa SS llV t">wcv„. mil not VS 

'UnptoiTof d's impaired yisio^^' 

6-2 SatctyFaclora 

liviiy ThUd^”'"®’ usually perm'r deficiency symp 

- <^oes It mean nutrient 



mended Nutrient Levels 
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present when the ration is mixed will maintnin their potency until the ration 
IS fed Safety factors arc added to minimum requirements to allow for such 
Items Table 6 2 provides some recommended nutrient levels for non- 
ruminants, including reasonable safety factors suitable for most production 
situations 

Lack of complete knowledge of nutnent requirements is the first limiting 
factor in using the minimum requirement figures in Table 6-1 for ration 
ormu Knowledge is sparse and sometimes completely lacking on 
This may be because dcncicncics 
""" suspected with normal rations, and re- 

Etfle T'T'f’ "Utthwhilc 

Fa™ Lh 'i of"" "dded to rations 

tng™ finTL^sto!::: tsTjT V ^ 

synthetic form, and some feed adluve eTL' de”', 

added to deter vitamin des'tranmn Als^ vuf "" 

veloped more stable products than t 1 "’"""'""Ufc" have de- 

manufacturers and feeders are careful available Responsible 

not pile up especially during the summer^* >nvenioncs of feed on hand do 

V.„„„ Com 


Growing 
Sun-cured 


'■'a M 1 SS 5 

Wng Company Clinton bv,^ ^ The 

A safety factor may be addpHi,. 


V . . — “ '^'-ouse of the d 

eo„:!;L‘^‘®“'^.''->baaa 


—— saicms • A hnViae 

'''“'per dar'A 

quantitiesof nil portion of feed m ^ Unless mixing 

®y not contain sufficient 


‘luant.ues such 


as vitamins 



Figure 6-3. It may be worth- 
while to increase levels of 
critical nutrients the first few 
days after feeder pigs arrive, 
especially if they appear 
thin and tired out (Smcccw- 
fiil Farming) 



Hot weather often reduces 

teed intake and may be ® as vitamins, trace minerals, and 

Extra levels of ""d Limals whh a poor nutritional 

protein are often included disease and other stresses. Runt 

history or which have been ® and orphan lambs are examples, 

pigs, feeder pigs shipped a gr disease and infections, so a high 

These animals are more susc p gnd other such additives for 

safety factor in critical nut . g 

these animals is usually justifiable (Figure 3) 


6,3 Feeds j j 

r,. used in rations for non-niminants. Silage and ground 
Few roughages are u^ sometimes rations for poultry and growing 
hay are often fed to sow dehydrated alfalfa meal as a source of 

swine contain small comprise the major portion of non- 

crilieal vitamins, but , jes of feeds most commonly used are in 

ruminant rations. Nuin 


Table 6-4. energy they contain. Com and grain sorghum, the 

Grains arc fed lor digestible because they contain high levels 

most popular Srams. relatively low in protein, in 

of starch (NFE) an ^ non-ruminants, and the protein they contain 

relation to . .^ids. Cora is the only grain that supplies vitamin A 

is low in certain amuiu 


potency. 
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WTieat IS a potent energy feed for hogs and other non-rummants but is 
usually too expensive for livestock Barley and oats, being higher in fiber 
and lower m digestible energy, are less valuable Because of the higher di- 
gestible energy content and usually higher yield pier acre, corn or gam 
sorghum are nearly always a cheaper energy source than oats or barley 
Since they are more concentrated energy sources, a pig can consume more 
energy and gam faster 


Certam low fiber gram products, such as oat groats, wheat middlmgs, 
and wheat shorts, are used Oat groats — ^kernels will hulls removed — are 
low m fiber, palatable, and high m digestible energy The cost of hulling, 
and the fact that hulls removed have little value, restncts the use of oat 
groats to pig starters where palatability and high energy are so impKirtant 
Animal fat is a potent energy source Each pound of digestible fat sup- 
plies two and one quarter or more times as much usable energy as a pound 
of digest, bk carbohydrate Fats ate also used ,n feeds to reduce dustiness, 
me lubncatton dunug pelkt- 

cult to use^ ^ onergy source, but since large proportions are diffi- 

CnTpiorcTcd'ru;™"^ ^ 

c«raS'ou-"rr= by-products of ofl 
economy and use in tatinns'' ™ of supplemental protem Their 

from mechanical to solvent e P*^*®** where produced A shift 

nets that are loner m fat, sbStly h,Xr L"’' ^suited in meal prod- 

m quality than formerlv iSs sh rf^'^ “"f* "looh more uniform 

toybean"pr„cess,„r%be?n “ 

(2) uniform processme htph ’ ®Ml) excellent palatability, 

-‘l (4, becaL s;ra;ram^"“ 

most hogs are grown u the mn^i P’^ocessed m the same area where 
rmn ruminant rations' Solvent nrrX^/^lPP’™™'^' P™""” source m 
jxr cent protein, depending on uhrib ®ybean meal contams 44 to 50 
lowng extraction and toasting ^ are added back fol- 

atcal, and blood meal-Xnd'&rXiTX^' “^P- fankage, liver 

^nml protein These prXiS^s^^'f T P°'™ “"^“s of s^ppk- 
relatucly iXm ihX ammo acids, minerals, 
sourer,^*! "npottam m ti,P'°.'''” aad plant od- 

n ?' aaa'onutncnts became cn 'P^O’s before supplemental 

runiina^ ra'uXs fo'^ltu ""PP'^mtal ptolX^Xd 

mccrminX.™ !°^“^*“‘>aal reasons ^^luabk ,n non- 


non- 

S'oxth faaoi^uX ’■'‘P ™PP'y anSX 

P°oedmsomeofdX“Sr''''P"*“' 
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Quantity of protein doesn’t which might 

Level of specific ammo acids, as we P amino acids, are im- 

influence the digestibility and aval a 1 1 y -grtain laboratory tests to 
portant. Purchasers of protein before accepting delivery, 

check processing methods and pro q pjjonis include bonemeal. 

Mineral supplements high in ca cium and phospno^ 

dicalcium phosphate, limestone (ca cm ’ _j,osphate or bonemeal 

search has shown that phosphorus from i , ja colloidal phos- 

is more “available” to non-ruminants dian P^^als are avaUable 
phate. Salt supplies the necessary sodium, and trace mine 
individually or in mixtures. . . ^ ja certain vitamins. 

Though whey and some other Purchasers of vita- 

synthetic vitamins sometimes may oe .a-.u ,>,£ potency and stability 

min premixes or other feed additives should checx P 

of the product as well as the cost , ^ 5 ,^ home-grown grains, vary 

Mixed commercial supplem®"^’ nutritional value. Except by actual 
greatly in price, ingredients, quality, , ,j,e value of such suppie- 

feeding trials it is difficult to ®PP™®® difference in value might exist, 
ments, but Table 6-5 illustrates that wide am 

, of PiBS on Three Different Supplements* 

Table 6*5* Performance of r‘8s — ^ — 


Av . daily gal” 

Age at 200# Idays) 

Corn per 100 lbs. 

Supp, per /ton 

Calculated value of supp. / 
Com at 24 /lb. 

Corn at 34/lb- 
Corn at 24/lb. 

Corn at 34/lb._ 


1.58 

159 

279 

55 

$ 80 
80 
100 
100 


Supplement 

B 

1.63 
155 
261 
44 


$117 

125 

142 

150 


1.87 

142 

255 

39 

$136 

149 

164 

176 


, . j n c. Acker cffli. 

•Iowa Agr. Exp. Sta. unpublished da a 

a,.monstration contained only soybean meal, 
Supplement A in the , ^^d bone scrap. Supplement B was soy- 

dehydrated alfalfa meal, and me .j.[,g ,ffird supplement. Supplement 

bean meal with vitamins A an soybean meal, meat and bone scrap, 

C, coatained a olublcs, dried whey, and brewer's dry yeast, 

blood meal, condensed tisti ® jjjj’rcd low in natural ingredients, and a 
High levels of the „ added to this third supplement. 

mUturc of four antibiotics, ^ gained faster, but also more 

Pigs receiving Supplcn't" supplement per 100 pounds of 

efficiently. They used „ B nnd C in the nbovc table were calcu- 

gain. The s-alues for Supplemcms 
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lated based on Supplement A at S80 or SI 00 per ton and com at two or 
three cents per pound 

It IS apparent from the above demonstration that the value of a supple- 
ment IS determined by its composition and also by the pnce of gram When 
com was figured at three cents per pound instead of two cents, the relative 
values of Supplements B and C were even higher, compared to that of Sup- 
plement A, because the com saved was worth more No credit was given in 
the calculations for the shorter finishing pcnod resulting from the use of 
Supplements B and C, and the consequent reduction of labor, nsk, and in- 
terest on investment 


6 4 Fonnulatmg Rations 

Protein is usually the cntenon for determining the proportion of major 
ration in^edients Protein is the most expensive of the macronutnents 
(carboh>drate, fat, and protein) and is one which cannot be replaced, as 
rarbohydrate can be replaced by fat to provide energy Enough high pro- 
^"PP'y “"Ple Protefn, but cx^ss protein 

IS of no additional value and IS expensive 

for'lh,'S,™„?n r*" will a “compleic" supplement 

tebrctoS;:?T“’ “■'■i additives), a sunple 

TectoiruetnTu^d E«mple A) This same 

grams IS to be used m the rat”"* ““"P’” matures where a certam ratio of 
tarn feeds arc to be incorpora'iedTir"^'^'i’^'‘’“'™’‘"“’ 'i“anhl>es of cer 
Illustrations md.clTeTci:, JS'' « aud C) niese 

algebra ^ possible with the use of simple 

A complete and thorough dtscussitm or , , r 
nants cannot be presented here th 'alion formulaUon for non rumi 

P>=^jau„nfom.Ltedforp"':„gp|' ^ 

often or impanam in ration'^fim''?"'”''' ’’“"'“'^s of ingredients arc 

tait to the amount of mZlTn H ™ “ There rs a 

ingredients will absorb An exceU „ ii ^"™al fat which other 

m storage or m a feeder Pcltet. “P” 

fcefc that arc too dusty or otherw^l.*™'" “>a‘ara wiU crumble Also 
„ea otherwise unpalamble wiU not be consumed 

Feed Consumption 
Maximum feed rwn 

-tnenis and nuuimi, to supply 
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: Z. ^Spie?e?-”re supplement, 35 %protem. 

V + V = 100 lbs raUon 

088x..35% Ulbs.prolem 

NOW expand the etiuauons to elimmatex or y 

88x + 350y = 14,000 

nHv 4. RBy = 8,800 

262y= 5,200 supplement 

« ^ an 2 * lbs. corn 

x = ioo-y= 

NOW check the work . 7 06 

^8.1 lbs rupplementx 35 0 %protein=^|||^^^ 

* 1 /2 corn for the grain 

tn use 1/2 barley and 1/2 con 

r=lbl ?.comVleU^' 
ioi5r..35r='°°»" 

"^'“"“!ruri0lbs Wheat per 100 Ibs 01 ration). 

: Example C (Feeder wants t 

- - “’=• “™^o°ie?eSClne supplement. 38%pro.eln. 

X + y = 90 
. 088 x + 35y = 13.5 

You carry U from here - 


I ^OU 

' correct proport.onr of tngrcd.cnts >n 14 per 

ncure6.4.Usmeul6=bm'°«‘“’’’"''“’ 
cent protein swine rations 

r, -no fed for marhet arc usually fed ad libmim, 
6-6). Broilers and at 3,1 „n,cs Sugar, molasses, saccharin, or 

that is, feed is available to encourage increased feed mtake 

certain flavors are some jjojj for non-ruminanls of various weigh^ 

Tlic normal daily f«;i“""nsump,ion on full feed ranges from approxi- 

g\\cn in Table 6-6 indicates consumption in swine and 

matcly 2 10 13 per cent bwy \tcight, declines as the animal 

poultry, expressed as » ^ j j^cs not increase as fast as body weight, 
grows because feed consumption increases faster than body 

In cals es and '“mbSi ,,.„ionrocm of the rumen and other stomaeh corn- 
weight because of the oes-c y 



Cl«« of llv 



Figure 6-5. A completed ration fonnulation sheet diowing ingredients, quantities of nutrients 
supplied by each ingredient, and calculated analyus. The ration is a complete ration for grow- 
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nain of Non-Ruminants* 

Table 6-6. Approximate Daily Feed Consump lon 


Species and age 
or weight 


Air - dry ^ eed 

per cent of 
pounds bodyweigh^ 


Gain 


Swine: 

25 lbs. 

50 lbs. 

100 lbs. 

150 lbs. 

200 lbs. 

250 lbs. 

Pregnant gilts, 300 lbs. 
Pregnant sows, 500 lbs. 
Lactatlng gilts, 350 lbs. 
Lactating sows, 450 lbs. 
Mature boars, 500 lbs. 

Poultry: 

0.5 lb. broiler 
2.5 lb. broiler 
4,0 lb. layer 

Calves: 

50 lbs, 

100 lbs. 

150 lbs. 

200 lbs. 

Lambs: 

15 lbs. 


2.00 

3.20 

5.30 
6.80 

7.50 

8.30 
6.00 
7.50 

11.00 

12.50 
7.50 

,065 

.190 

.241 

0.90 

2.00 

4.00 

6.00 


8.00 

6.40 

5.30 

4.53 

3.75 

3.32 

2.00 

1.50 

3.14 

2.78 

1.50 

13.00 

7.60 

6.00 

1.80 

2.00 

2.67 

3.00 


1.60 


0.80 

11.20 

1.60 

1.70 

1.90 

1.90 

1.00 

0.70 


0.04 

0.045 


0.50 

0.90 

1.40 

1.60 


0.25 



'Adapted from National I.'--- - • t i -- 

animals consume increasing propomcns of less 

partments, and because the 

efficiently digested roughages. is preferred to old corn 

Feeds va^ greatly in "com is more palatable to pigs than 
that has been stored ®=''““ij?arder seed coat and tannic acid in some 
grain sorghum, because of the Uran most small grains that 

grain sorghum. Com is aUo " rolled, or cmshed gram is usually 

have a coarse, fibrous hmi. '; not be ground too Hne 

more desired than whole of common protein feeds. Complete 

Soybean meal is the niost ? oomposed largely of soybean 

supplements sold in the ability, and good, uniform quality. When 

meal because of its cf°"°^rod tree choice, along with old com or other 
such a supplement is o .upplemcnt. 

grain, pigs often overeat on 5 ^ relatively unpalatable, so must be used 

Many valuable ingredi ^^^ynation with especially wcll-likcd feeds, 
in limited quantities an, relatively unpalatable, especially for 

Tankace or meal and 0° j consumption decreased when more than 

young animals, in 




Figure 6 6 To permit maximum feed consumption ample feeder space must be pro- 
viaed for young livestock (Iowa Slate University and Walnut Grove Products Co) 


five per cent meat and bone scrap was included in a complete ration for 
powmg pigs Milk by-products are unpalatable when fed alone but seem 
to improve palatability of supplements or complete rations 
mearrrn,rd°^? unpalatable to all farm animals Alfalfa 

eTaairweuC’H W-products arc not 

espec al y well l.kcd, especially by very young animals 

Ereaterir?.'iT' “"■> '«<! consumption The benefit is the 

ioSeTn atiM anv’’'. ' considered 

desired Crumbles which a II'*’''' "’®*>tnum feed consumption is 
non^mminantsuntestheyindudXLefr'"^^^^^^^^^ well hied by 

prefcTfrSy grourd‘'or'’m Td'”" *’''*’* 

lusted to prevent feed accumutaion'n"!h^°'''^'^‘’°’' *" 

or wet Poultiymen often slir ihc r **'"' ” '’ccoroe stale 

and some let the feeders remain emmv r" '"‘‘ers several times daily, 
when fresh feed is supplied. ,h= birT^i;; '"*’ ‘'“y 

‘ion P'8VamVaL‘’rr„g"o'^^^^^^^ "duce feed consump- 

since the need for certain vitamins is a^t'^'n' ""Pc^onatc consequence 
“ cnimals consume less total ration th*' by high Icmpcra- 

mms And these same B vitamms are r’ *'*' less B vita- 

ror.nvr"'! ”0™'* *'"* “'“te So ntanr®"^'' ’’""S ™P°nant for 

dLnl*' “ "'op feed’ ,n rhe'teS'* ‘o ’’““o' climates 

tim fiot weather This too fp^ rt several times each week 

It sum I "°™‘“ '"'* of vitamms aX,™ h™if"*’ 'c" °c nio'' 

c cs eonsumplion and helps peeven, pSu^ 
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Artificial cooling, by fan or water mist, may be worthwhiie to maintain 
feed consumption and utilization during the summer months 

Ps“Jcal aspects of feed consumption and cornpetmon among am- 
mals in a given pen are of current interest. 

6.6 Least-Cost Rations 

Since protein is the most expensive macronutrient, the prices of protein 
sources have a great influence on the cost of a 
fore on the cost of v^eight grain. During seasons 
as oilmeals are relatively cheap, it is “dv«ous ‘o feed ^ 

a protein level as will be beneficial to 

the most rapid gains will be the cheapest gams because the animals are 
mairned fewer days and a larger proportion of consumed nutnents is 

“m twew*oilmeals increase in price and/or grain decreases in price, it 
may’ be practical to formulate a lower protein ration containing less oil- 
3. Sower gains that would result 

mean that relatively more of the feed consumed s being f“ ^ 
tenance rather than growth, so more pounds of feed are consumed per- 
pound o5^^ This impractical, though, if the low protein ration is enough 

sibk teercosTs Relative prices of com (or other major energy-yielding 
fd) and Z protein source are considered when these rations are calcu- 
lated. Figure 6-7 illustrates least-cost rations for various weights of hogs, 
depending on prices of com and soybean meal. These graphs were com- 
piled from dam on large numbers of hogs under good management condi- 
tions at the Iowa Agricultural Experiment Station. This does not mean the 
graphs can be applied directly to all hog-producmg situa ions. Hogs sub- 
jected to severe stresses would be expected to do relative y poorly on the 
low protein rations, more poorly than the low protein-fed hogs used as a 

basis for these graphs. , . , . . . 

The least-cost ration principle is sound and least-cost rations have been 
developed for chickens and turkeys, as well as for swine. The principle is 
used in feeding programs for other species as well, even though complete 
least-cost systems have not been calculated Certainly feeders will watch 
ingredient costs closely and will inake desirable shifis in formulation in or- 
dcr to produce meat most economically. 
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Ruminant nutrition is centered on roughage utilization Cattle 
fTsheeD convert grass and other forage into marketable 
products-meat, milk, or wool. Ruminants 

“ AhoTvo ner cent of the agricultural land in the U.S. is in permanent 
About 70 per cent oi g crazing. Such land vanes m 

-temporary pasture or afd other concentrates. Com 

much roughage ts produ^^ 

stalks and cobs are ^ are harvested; and beet tops and cotton- 

mams when small grams or beans a mminant consumo- 

seed hulls are also by-product roughages available for ruminant consum^ 
don if s easv to visualize, therefore, that a very large proportion of the 
Lefi smS by photosynthesis in plants is stored in what nutnUonists call 

™CoSr“mfsfrfvhe1^n« roughages, for 

mom rap^rgrowth, quicker marketing, or higher quality carcasses or for 
f fxtaurmUfc production during lactation. Dairy cows m high production 
“me lafge proportions of concentrate, but the concentrate rnix ure. 
consume g p r quality and amount of roughage fed. Lambs 

fTffr'slaughter rften receive 50 or 60 per cent concentrate so *at their 
daiirenTrg? intake will be high enough to promote fattening at desired 
weights. S same is true in cattle fed for slaughter when the goal is the 
choice or prime grade. 


7.1 Nutrient Requirements 

Fewer nutrients arc required in ruminant rations than in rations of non- 
ruminants B vitamins need not be present because ruminant microor^- 
isms can synthesize adequate quantities from elements in the ration. The 
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'■h 'M v^, 






iv. nt 




(SuccfM/Mf Farming Ma'gaiin^cT*^'^ *”' alfalfa m wnlcrn Soulh Daloia 

tern in thTranon" a'rb!jhyte™/a“^^^^^ "’"' '* '"°“®'' "’“' ’’'^ 

tion of nutntionally ndequale rauon^f« i^°* “ ^0™“'“' 

Protam energy, mincmls, and vnamins A and'o " 

<iay basis (Tablf^T^'^lfif^ •>«'> suicd on a “per 
has been controlled by the volume nf*^ >ntakc of grazing animals 

sume per day and also becau^* m ^Shagc dry matter they could con* 

monly been ftand/e(^ roughage and fed m dry lot have most com- 

d^y and concentrate separately once or tw.ee per 

t=X"c;t?e“?:':fe: r r'* 

rei^iicmcnts as a percEntage ol Uie raimn'h °*’ stating nutritive 

Nota that the requi^ents listed m Tabr '™= 

tena ^ animal weight, but also on ih ”i7'^ dependent 

te^nee through the winter; fanen^ for\te '°u «’=' ■^■"^ 0 - 

Pregnancy, or lactation ® slaughter, growth of dairy heifers, 

Requirements given am ™ j 

for good performance 

ther^re”^ ‘ucluded in tfc 8““santecd and no 

sS°s ■ rr^.^-^Ss as prev.ou7„u,r, ™f"^ 0"= -"-st consider, 

''-minamrauo'ns"'^ '‘'“•’"■'y of^mriems whe'T^T"''"' 

Raqurremenu given in Tab. , fomiulatmg 

~y .o eompa'ie f 

oinerent stages in the 
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Ute cycle and between species. Additional re 9 uireme«s are given m t e 

references cited in the footnote at the requirements be- 

Digestibility is considered in both energy v diBestibiiity. For ex- 
cause feeds in in corn is about 93 per cent, 

ample, the digestion coefficient for m N.F.^ 

while the digestion coefficient fo illustrations of differences which 

50 per cent. Further and more s nffii^g „u,..„unt feeds 

exist in digestible energy and digestible protein values 

are in Table 7-3. , as TON and as 

Digestible energy ^quiremems are^Mate J 

therms. TDN has been used tor letters stand for the words 

digestible energy that a "“PP a misnomer in the middle 

“Total Digestible Nutnents and so the tem « 

of the twentieth century when we vitamins, and water) do not 

of nutrients and that three ^ ,i,e term was coined late in 

supply energy. We must malize, ’ tdent” implied only compounds 

the nineteenffi century when "ddrg'^digestibll fat X 2.25 

which provide energy. TDN is « digestible car- 

(since fat is relaUvely more potent as an energy 

bohydrate (N.F.E. and (though not perfect) as an index 

The term TDN has been ^ {(,^5 its use has persisted in nutrition, 

of the energy value fusion for each new student of nutrition, 

although it does provide term “digestible energy,” or 

^ 1 ’" ™ TDN°forgetthig the words the letters originally represented, 

else the term TDN, forgetting 2.25 for digesti- 

Since TDN IS a calculated value^an ^ 

Xu >- 

or contained in the feed ^ 

A therm, owe > t,,e temperature of 1,000 kilograms of 

wa“centf^^^^^^^ >>°°° " 

equivalent to 1,0M^ generally considered 

Nutnents '™i h q Exceptions do exist, however, such 

to be g {jcds grown in certain North Central states. 

“'salt is noLatly provided free choice in loose form, or may be added 
Salt IS no y F complete ration at about 0.5 per cent, 
to the concen r considerable vitamin A potency, 

neSra^Uood quality roughages contain high levels of this vitamin. Re- 

> Discs'll^ subSnE Ihc .-.mounl 

absorbed, “"’V”"', me irmount ol the nulriem in the feed comumed. 

of Ihe ‘ in the feed and feces are determined by chemical analysts. 

Quantities of the nutrients 
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min A computed on the basts that one mg. carotene equals 400 I.U. vitamin A. 
min D requtred by all, but figures are not given where data are inadequate. 



T.bl. 7 J. Nulnenl RcquirerntnH of Certain Rominml. i. « Propomon of Air Dry R >linn> 



1,200-lb dilry cows producing 50 lbs ot4%nUlk 

40 0 no 0 5 60 0 1 21 0 3 0 25 
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‘Vitamin D required by all, but figures are not given where data are inadequate. 
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quiremeots given in Tables 7-1 and 7-2 are usually met if animals are 
pastunng lush grasses or legumes, or are being fed considerable silage or 
green, leafy hay Defiaencies of vitamm A occur during periods of pro- 
longed drouth, when grass turns dormant, or when animals in dry lot re- 
ceive only straw or weathered hay and gram other than com 

Since most ruminants are not raised under roof and are exposed to the 
sun much of the time, ample vitamm D is usually synthesized m the ani- 
mal An exception may be dairy cows which are sometimes kept in confine- 
ment and have high vitamin D needs for milk production and calcium 
utilization 


7.2 Feeds 

T of commonly used ruminant feeds are given m 

VinH^ < t ^ listed there, but enough are given so that 

discussed and compared, especially m relation to the 

X fl--* P-nx'se. 

rJuTX;" ■" ■“ 

P=r«md^maTJr°FtT n^ally contam about 90 

nutnent composition of purposes the author has calculated the 

should comp«e*Mm^staof the ™n™ant rations, one 

requirements m order'To dctemun. ' roughage with the animals’ 

a concentrate mu Though roughages' f""' ** 

provide varying amounts rfothefuuLu^ ^ supply energy, they also 

Roughages are often classed as hi.h a 
on their nutntive value Roughaees m I"’ 9 “ality, depending 

ten per cent protein, 50 per cent TTOj ' IMlity group contam over 

level of vitamin A AUalta hay or silaee’ ln"u and a high 

aUalfa meal and red clover hav meei fa’ ' ®™™S pastures, dehydrated 

other roughages closely approach lhe„T (Table 7-3), some 

roughages could serve 

rnamiaining a 120-pound dry ewe Pregnant beef cow or 

It “"d Vitamin A would be u* considerable pro- 

eh ^ economical to dilute ^ program 

Jaap'ire' ce«mt .I'S 


hi^ producing dairy consumption i 

animals wdl TO? arc more pahmy^^'H ‘^“aht 









H..e «. -u.h.se >s e^ ; 

for most ruminants. If high quality, u 
minerals. (American Hampshire Sheep Assn.) 


Medium guulUy roughages are cons.dered to have ov r Jiv P„ e^t 
protein, 45 per cent TDN and 0.3 per cent calcmm, as wel a^s.derable 
Vitamin A Most mixed hays, pasture grasses, eariy ^ 

sUage, and other similar roughages fit th.s gf°aP- By "fu fent re- 

centage composition of these roughages (Tab e - ^ 
quireLnts of ruminants expressed as a P«f“"';f^ 

^able 7-2), it is easy to see what deficiencies of the roughage need to be 

suppUed in a concentrate similar coarse feeds 

Low quality roughages ■ cycle where energy require- 

-are used f^f„Xges can be supplemented with rough- 

merits are low and where these roughage y mWtnrpQ Xhpce low 

ages from the high quality group and/or 

quality roughages “"‘‘“y ^ and little or no vita- 

per cent or less TDN, negligible quantities oi mine , 

• foir nnnraisal but rather overestimates the 
TDN really does not f f ^PP™^ Since these feeds are 
productive energy value, ^ ^ is expended by the ani- 

very bull^ and ,”“Lghage and excreting the undigested 

mal in chewing and ® th and other functions. Such 

material, so less net energy efficiently by mature cattle, such as 

low quality roughages are ^an make maxi- 

two-year-old steers being or pregnant cows. Sheep or 

mum use of the following summer graces, y ^ 

yomger cattle would use such feed mixtures or supple- 

The previous d'seussion according to the amount and quality 

ments for cattle should animals’ total nutrient requirements, 

of roughage used, in relation to tne aimiw's 
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Obviously, then, concentrate mixtures to be fed v-ith lo\s quality roughages 
must be more complete and higher m certain nutrients They must be high 
m protein, minerals (not just calcium, but others as well), and vitamin A, 
and provide needed energy Such concentrate mixtures will be expenstse 
and will be composed of a longer and more complex list of ingredients 
But they will be practical and will allow the animal to utilize a low quality 
roughage that might otherwise be wasted 
Though grains do supply protein, certain minerals, and vitamins, they 
are fed pnmarily to supply energy for cattle and lambs in the feed lot, cows 
or ewes during lactation, or to maintain breeding herds in emergency pe- 
riods when roughages are scarce or too expensive Barley is a commonly 
grown feed gram for cattle and sheep in the Northwest, gram sorghum is 
most plentiful in the southern plains states and the Southwest, and com is 
the pnmary grain for ruminant rations in most of the remainder of the 
United States Wheat, because of pnee, is used for livestock feeding only 
when damaged or otherwise unmarketable for human food Some rather 
u Ipr concentrates, such as beet pulp, distillers grams, and screenings, are 
used m mminant rations when price permits Cattle and sheep can utilise 
these feeds better than can swine orpouliry 

'^^"‘^ntrates are used in formulating 
ance of am rations for non ruminants, because bal- 

ruminants to’ supply cS a® 

nam nutntion H«e ,t is usuallv fienerally be ignored m rumi- 

of protein (nitrogen) Certain^ Practical to use the cheapest source 
used m supplemem, '"err”'’" compounds are often 

(See 4 5) For effleent and safe ^ *>>' O'ta'uls 

pounds, the amount used shnnw k- nonproiein mtrogen com- 

ply only about onr .ferd of .he “> -P" 

must be on a rather high gram ratmn > animals 

tions are provided by distnbutorc t health Other precau- 

'-ofnsensna,,y./en~:XXX:^fe"‘""^^^^ 

7^ Feed Consumption 
m ration formulation Ambon foia'l" d'f ^ 

quannues of nutnents the an°m^”t contains the 

g more than the annual can or wUI eaT’!?'"'’ mgredicnts 

ti does not provide adequate 
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nutrition. The daily feed figures suggested in Tables 7-1 or 7-2 serve as a 
guide In formulating rations. . j compartments does al- 

to about three per cent m fattening la^^^ 

Daily consumption of ^ f^.age (including moisture) is 

be estimated if the composition o , . . , oalatability rumi- 

known. Unless the pasture is thffo^ 

nants usually feed With such information esti- 

as they would in equally eompared with the animals’ re- 

mated, nutrient intake from pasture can J^uunianced” diet, 

quirement to determine f^^de in predicting silage consump- 

Relative dry matter is also soggy and therefore un- 

tion, except where the sdage IS extr ^ * 30 ner cent dry matter and 

palatable. Because most silages con ,bout 

hay contains about 90 per cent, < Pj^ ^^^ghum silage, however, 

equivalent to one pound of hay. rouahage and concentrate, since 

should be considered "'"‘“/forage^and supply considerably more energy 
they contain grain as well as forage, ano supp v 

on a dry matter basis than does grass si ag 

7.4 Roughage to Concentrate Ratio in Fattening Rations 

.. there is an apparent limit to the pro- 

Under normal ^c®7®,hat can be used effectively in ruminant rations. 

portion of concentrates ha canje^^ 

This IS naturally no a Pro^^^ Uttle concentrate feed is used, but is 

and ewe flocks ot feeders. The limit is more obvious in lambs 

of concern to catde is quite common. It also oc- 

where 77 “"®;/ji 3 e,der is apparently caused by a specific strain of 
curs in cattle- Th organism, Clostridium perirmges, 

organism in the d geM or lambs “go off feed” and that 

ra^eaL erntual death, ap^rently develops and flourishes when animals 

receive a started on grain too fast, some will overeat. The first 

When tptnbs r feeding time. They 

symptom is la Usually they stand in a comer or near the 

move about so% y, and head down. Many feeders maintain a 

fence, with handle these lambs. They are taken off all grain immedi- 
“hospital^^o water for several days, then started back on grain 

™ B caus'e of the universal prevalence of this organism and the sensitivity 
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it has to concentrates, lamb feeders traditionally start feeder lambs on grain 
slowly. When 60-pound to 70-pound feeder lambs are purchased from 
range areas they usually have never eaten gram, having grown on grass 
and milk. Careful feeders usually offer the lambs only hay after arrival, 
then feed a small quantity of oats (more bulky than com) each day. Com 
or sorghum then gradually replaces the oats and is increased to about half 


the ration in three or four weeks Experienced feeders in some areas are 
able to increase the proportion of concentrate faster and sometimes go as 
high as 60 or 65 per cent of the ration. Mixing a complete ration, using 
ground ingredients, or mixing and pelleting the ration often helps prevent 
enterotoxemia (Figure 7-3). This may be because mixing and pelleting 
prevent certain lambs from “sorting out” a higher proportion of concen- 
trates, possible when ingredients are fed separately. 

l^mbs can be vaccinated as an aid to prevent enterotoxemia, though 
caution in feeding still must be practiced Also, some current research 

fctcr 

from lamh. I important because consumers prefer retail cuts 

mut ™ *=igh 100 pounds. 

ticIlirefncTn = high propor- 
lambs at about 100 poMdVLtng wUetd 

much as 70 or so nil pelleted or cubed rations containing as 

program, in addition to resS^flnd.M* 
suggest that the optimum "physL^bSee" 

centrate may be different in LllJ.n • roughage and con- 

omerent in pelleted rations than when rations are not 


"" Southwest are I, 
r"a™n melud 


I mixed and pelleted ration m self- 
m this photo {Western Livestock 




indicates there is a lim restricted Cattle were fed rations com- 

consume even when ^ ^i,l, ^tios of concentrate to 

posed of com or gram “rghu some differences de- 
roughage ranging from 1. 1 to 5 XThg^ concentrate to 

ZS “toe' ..t;5 to »"• >■■••' •■“ ” 

“■ir='toto..™^»— - 
‘“SSK'toPo^Zr g,.i. dtoto » ». -.41« ."d "> 

cattle being fed Relatively more grain is fed high quality cattle with good 
con oration, since they can potentially produce high grade carcasses that 
“u s^for a relatively high price (Figure 7-4). Low quality cattle, angu- 
Tar and otherwise poor in conformation, could not yield choice or prime 
carcasses regardless of the proportion of concentrates fed, so are usually 
fed a more economical, high roughage ration. 


7 5 Formulating Rations for Beef Cattle and Sheep 

Designing a ration for a ruminant for one day, using requirements such 
as those in Table 7-1 as guides, usually involves only trial and error. Live- 
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ruminant nutrition _ 

handle. Consideration of hese ^as previously pointed 

than meeting the exact nutnent kvelha^^^^^^^^ 

out, nutrient requirements ^ A one-day ration for a pregnant 

the animals, feed prices, and other tactors. 

ewe is given in Figure 7-5. „r,a;pr eouioment for feed- 

Expansion of feed yards and deve "P*" a,piete rations for lambs and 
ing have allowed and P™™®'®** ® qScker adaptation to fattening rations 

cattle. Also, some research ^“tn is completely mixed, 

and mote efficient utilization of f formulated with extreme 

or mixed and pelleted. Complete «t.ons ca"J.e formu 

precision, using requirements 8'^®“ considered when complete ra- 

Ratio of concentrate to roughage mus be cons^^ supplemental min- 

tions ate formulated, and P™y‘®‘°" “ relative amounts of grains and oil- 
etals, vitamins, and feed f the ration are usually dependent 

meal used in the concentrate P ^ ^.^ilgr to those used for formu- 

on protein content. P . 6.4) can be adapted to formulate 

lating A typical complete steer fattening ration is 

ruminant rations and mixtures, ft xr 

listed in Figure 7-6. 

7.6 Dairy Calves and Growing Heifers 

, A .hppn are raised primarily for production of top 

Whereas beet cattle an maximum milk producing ca- 

quality meat, dairy heit general, the same feeds are 

pacity. The same however, that might be considered unique in 

used. There are several items, 

feeding dairy cattle. ,0 nurse their mothers after 

Calves in caost daiiy becomes ready for sale. Grade 

the colostrum penoa oe . ed amount of 

A milk is valui^'c c^ .Ta d^or -ru.' milk rep^laeer (Figure 7-7). A 

milk, or are shifted q nutrients, including the essential 

milk repla®er mus pg highly digestible and high in 

amino acids anu B p^.p^ducts, and are 

energy. nnd f,d as a liquid (Figure 7-8). Because ralves are 

mixed with ‘ animals, ihc principles expressed m Chapter 6 

functionally nutrition. (Nutrient requirements and rccom- 

m^daS^n^tere given inTab.es 6-, and 6-2.) 



Days of 
Age 


Feeds Offered Per Day 

Colostrum (free choice) 


2 

3 


M 

2 / 

35 

42 

49 


120 


150 


Whole Milk Coff Starter Hay 

(1-e ibsl 111,4 lbs ! line choice! 


Gram 
(to 4 tbs J 


Silage or Pasture 
(optional) 


A milk replTct?my°alM system of raising ilaity 

Mlt (Adapted from love Slot, t^tSverjiiy'&^'pj^pkJa'j^g/'^ ilepend on size of 


a nWe ?a'ii' (SaluM •>" ■"« "P'aeer more mickly I 
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Whether calves nurse or are fed “ f d^ays of age. 

should be offered both ® replacer ^thf concentrate should be a 

Especially if calves are on a ^dk containing 18 to 20 

good “calf starter ” low in caicity of the calf's digestive tract, 

per cent protein. Because of the li P jcjjj pasture, 

hay is usually more practical jo a functional ruminant be- 

The chanp from a 'and is continuous (Sec. 5.5). Because 

gins relatively early in the ^ their nutrients from 

mature dairy cows receive such a l^^g^^ P_^ Maintained a long time before 
rou^age, and because a growing encourage 

she becomes productive, it tlen As 4 ^rows and be- 

early, maximum development o ^ l^^tter able to utilize hay, 

comes a larger proportion of the s > 

silage, and pasture. utilize cheaper concentrates as energy 

As a calf matures he also essential amino acids and B 

sources. He can manufacture so . ^t as a percentage of the ra- 
vitamins in the rumen. The pro ^ . that the calf receives, therefore, 
tion, declines slightly. The ““""‘."‘MM eih^ts. 

can be formulated with less expensive raised in con- 

Of concern in raising -Ives .the fact that^ 

finement, where disease is more p , j jiPie vitamin D from the 

tion may be poor, and M!n?gernttd “Me must be especially good 
sun’s rays. This m-na *at ^ ^ palatabiUty. _ 

and radons must be high m qu x nutrition is that growing 

A second unique conside fPi„ure 7-9). Naturally, dairy breeding 

heifers are fed to grow, not a ^ inability to fatten when selection is 
stock is automatically « Mbon To hold down costs, to avoid fatten- 
directed toward high ">• k ^ „ development, heifers are raised pri- 

ing, and to cause maximum rumen u 

marily on roughage. ^ jovier lifetime 

Overfeeding energy ea ly University. Trios of 

production, aceording to g birth 

Holstein heifers were a ^t^d considered “normal”— and fed 

—65. 100, an 40 p calved. From then all were fed liberally, 

aleoM^'^rXranrproduetion. A summary of available results is in 

meat of ‘‘M^Mshe^ levels of energy. 

among cows ra^ed o & ^ 

More cow whichj^ „ 2) and mastitis. It 

lost. P"^“" MMj,posiiion in the udder prevents complete emptying of the 
SefaMnilking time, or permits injuries during machine milking, both of 

which might contribute to mastitis. 



Body 

Weight (ib) 


V/»ther 
Height (tfi) 



Produaion'*'^“'"“ Iron Dinh lo Fim Cal c 

Feeding lerel "* Sub«t;.crt 


Number started 
Number lost 
Sterility 
Mastitis 
Milk fever 
Other reasons* 

Av days In mill? 

Av production, lbs 
Ay Jat production. th« 


Lcnr 

33 

12 


300 

11.153 

407 


Medium 


295 
11,003 
419 


High 


284 

10,379 


no 


cw» fca<i ccpffipleted uix 
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Losses from milk fever among cows raised at a > 0 ;^ ^ 

take miEht be expected. Milk fever is more common among high producing 
cts^bce production after calving causes a sharp lowering of 

““t"S%welve months of age. roughage alone is usually not 
adequate for maximum growth in heifers. Though the J^'^J^Tof 

considerably, the -gy needs a. great «-rroth:r 

““^triev:i?th^e concLtrate is determined by the protein 

content and consumption of the roughage. tn consume 

By the time heifers are one year of age they are f ‘ 

and utilize adequate levels of nutrients in the o™ of h^y- salage, and/o^ 
pasture. Concentrates-grains or protein supplement-are needed only if 
the roughage is low quality. 

7.7 Dairy Cows 

(volume and butterfat), ^nds^a^^ 

Pnnciples of mnphaae is usually a more economical energy 

ply to dairy cattle. good milk producers are so 

source, and because ene ^ q . utilized is important, 

^gh, good usually provided all the roughage they will eat 
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COWS Will eat two to three pounds of hay per 100 pounds of body weight 
Consumption of wet ’ forages is usually comparable, on a dry matter basis 
Good milk cows just can’t eat enough forage to provide all the energy 
they need for maintenance, milk production, and pregnancy Therefore a 
concentrate mix is usually fed at milking lime It is formulated according to 
the nutrient composition of the roughage the cows arc eating, the amount 
fed each cow is individually governed by estimated roughage consumption 
and volume of milk production An example of a onc*-day ration for a large, 
good producing cow is given in Figure 7-1 ! 


Digest- energy 

^lly Total ible Cal- Phos- 

feed protein, protein TDN, Therms clum phonis, VU A, 


Grass silage 25 00 0 90 0 50 3 815 8 75 38 30 13 fiO 111 000 

’IE 'S 


Soybean meal 2 00 0 

Dicalcium phos 
phate 0 10 


BMP. ‘II — 

Nutritive requirement S 47 3 32 ot an ' ~ 

“00 22,400 

” P“ “"" 60 ■>' 

mwed for feeding at milking time ^ *** ai'd the concentrate portion 


MWS Milk cSlL°abour87'TC'' “ «PCoially important for dairy 
-otessary for d,gel„ AUo. cons^derabla water ts 

most cows consume Cows m full nrl^ 'rcmendous volume of feed 

pounds of water for every pound of usually drink four to five 

oa temperature, humidu^ Sr c^LTh of course, 

factors That would be about 30 to an* consumed, and other 

ttoned m the caption of fCc 7 ll ® the cow men- 
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• to thni nre raised or sold for the purpose 
“Feeders” are ^ding program. The term appKes 

of going into an intensive f^o. g^P^^b 

to pigs, lambs, and cat • increasing number 

farmer who intends to feed them weaning. Feeder catUe 

are rmsed for sale to J.. ‘.o,ds and usually have grown mainly 

may be calves, yearlings, or two-y feeder 

on their mother’s milk and grass in ^ however, carry considerable 
cattle are primarily of beef bteedmg _Many, towever, 

dairy breeLg. Feeder lambs are .hem for slaughter. 

faU of the year, to J ^ to describe the farmer or feed lot operator 

The term “feeder is also use . , y^.il slaughter. Most feeding is 

who feeds the gated areas of the West and Southwest, 

centralized m the Com ‘ ^ ,y q. g^in and other high energy 
and other sections where a p . ,g Development of grain sorghum 

feed required for fattening ar ^ increased use of irrigation, have 

and com varieties for different areas, a 

(hversified and increased the numter characteristics to look for in 

This chapter is devote p feeders, in abiUty to gain, 

selecting feeders. The carcasses, wiU be emphasized and il- 

uUlize feed, and produce h g q ^ ^ preview where and when most 

lustrated. Though . .opjcs will be treated more thoroughly 

feeders are bought and so . yes a full discussion of all market 

in Chapters 20 and 22. Uiapier z f 

classes and grades. 

8.1 Where to Buy 

, j ..i» lambs, and pigs are purchased through terminal 
Many feeder ca , various types. The remainder, an increas- 

markets, auctions, ^ direct arrangement between grower and 

ing percentage, “s® .ccd large numbers and who are relatively 

feeder. Feed lo op can well afford to make direct purchases, 

capable of eva ua . costs. Most purchasers, however, prefer to 

thereby saving some marKeuut, 
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have a dealer — someone v-ho is more famtliar lAith livestock values and 
current pnces — represent them m buying feeders 
Regardless of the manner of marketing, dircetly or through a dealer or 
established market, it is important to know and consider the reputation of 
the producer or rancher who grew the animals This is particularly true in 
cattle and sheep where breeding herds and flocks arc relatively stable and 
do not change rapidly in genetic make up Charactcnstics that arc influ- 
enced by heredity, such as rale of gam and potential carcass ment, tend to 
be consistent year after year in feeder cattle or lambs from the same herd 
or flock Rate of gam and carcass quality are also inherited in swine, so 
pe ormance of previous groups of hogs is a good indicator of the potential 
value of a current pig crop from a certain herd 

develop a reputation concerning management, disease 
dunnp business dealings Management and disease control 

bu, h'' performance, so .t .s 

Tandi^h rhVy and dealers who sell or 

handle healthy, vtgorous p.gs The same ,s tme tor other spee.es 

8 2 When to Buy 

and fall r^omhs ^(Tee R^re 2^ ” nac 

pasture areas, who prodSe most dnhf^H^ Ranchers m the range and 

of the graetag season for several reawns Gan’ h' " 
on lush grass are ramd and during the summer months 

;n the fS Calverno Jail “-ally .n good condtuon 

Winter feeding would be exocnsw ^ rprmg, have just been weaned 
r'e may not maintain good neshtna ’throrj.J'’ “'■r* 

« lass pabtabfe a It'r'"'" ’'“rvested feed 

Most lambs the range a Jas arJl^ 'r" 
as feeders before fall Not onlv is ihp T spring and must be sold 
portantly, lambs must be relativelv 'vmlcnng high, but more un- 

faed o, Rat lambs are vaSr:i7:,LrJ "?! '"'y enter the 

° and before they weigh much ^ before they are a year 

“a“"Mtme weigh abJTX^ 'j''" Faeder lambs a. 

“oaths on a more eoacenha. d “'“^“y f™ «> •''taa 

'Csrr"\*''""E'ass.sespee.alTv h..l. emde (In 

S soon aftS weaamf “fo have enough 

sa ely estunate the amount of 
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feed he will have available and so can better determine the number of ani- 
mals he should buy. . overshadows the desire 

The desire of ranchers to and calves during Sep- 

of feeders to buy. Heavy supplies o sliehtly lower prices, in- 

tember. October, and November -ual^^ -- « J 
dicating demand does not increase as mucn as supp y 

cussed in detail in Chapter 22. produced in other than range 

Obviously feeder cattle and lam P_^ numbers, but it is 

areas and are sold every week of V ^ ^j^v^cattle and lamb move- 
interesting to note the strong ss which is most effectively 

ment. Since ranching areas ^ . seasonal climate makes 

harvested by ewe flocks pr’ac,ica1, and because economical 

lambing and calving in the sP™g ^^^vy marketing in the fall of 

pasture is gone before winter a ’ ,in„s and two-year-old cattle, will 
weaned lambs and calves, as well as yearlings ano 

probably continue. , ^ , 5 are not large because 

Any seasonal peaks “rtasL as lambing or calving, 

farrowing is not as greatly mH farrowing occurs in early spring 

There is some seasonal J nj^er or early fall. Most feeder pigs 

and a smaller peak occurs in 1 specialize in raising them, 

are sold, however, by experience g usually in buildings 

TJey farrow groups of sows often « J yaar. 

that counter climatic effects, p e accompanies sharp changes in 

A flurry in feeder pig feeder pig producers usually do not 

pnces of slaughter hogs, sp farmers who hope to predict what 

contribute to these flumes, slaughter, in relation to current 

prices will be when such pigs pessimistic want to sell, even 

price. Those optimistic w and the pigs may be consider- 

though they may have amp 
ably past weaning. 


8.3 What to Buy 


■1 w.. is the main factor in determining what kind of 
Type of feed weight, sex, and quality. Hogs eat concen- 

teeder to buy — ,’ntal protein, mineral, etc. They will not serve 
trates — grain, plus supP mature, and relatively low quality eattle 

as a market for however, may provide an ideal market for 

(sometimes of dairy bree pasturage that would otherwise rot 

hay, silage, grain stu° nepending on weight, age, and quality, gi 
• the winter, uep 6 


gram 

down during the '^‘''“‘^J^ed to the ration tor a short time before slaugh- 

or grain silage is usually juiciness of the meat. Higher quality 

ter to increase the „,oportions of grain, in addition to forage. The 
cattle will utilize higher p 
same is true for lambs. 
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Lambs provide an excellent market for wheat pasture, a cheap and 
plentiful feed m the winter wheat area if ample fall rams have given 
good growth Lambs will graze close, causing the wheat to stool out but 
not damaging it They are light so do not tramp out the wheat in rainy 
weather Lambs on good wheat pasture will reach the choice grade before 
the end of the wheat grazing season 

Capital — amount, interest rate, and length of credit — is also an influenc- 
ing factor Hogs, for example, must be fed higher proportions of high pro- 
tern supplements not grown on farms, while cattle and lambs can often get 
ample protein from farm-raised legume hay or silage Or, if farm-raised 
ee s are low m protein, proportionally less protein supplement needs to 
purchased because of the lower protein requirement of ruminants (Table 
tr ^ 2), and the protein supplement will be simpler and less expensive 
More total capital is usually needed to buy enough cattle or lambs to 

f K involved in feeding cattle 

fluetaations affecting the toW vabe' oflraU 

IteLd Sl'es ‘anrf mnueneed by petaonal 

pn4cf theianlfan Obvtoutly. current 

anticipated value of the of feeders available, compared to the 

consideration processing, is a major 

8 4 Range In Performing Ability 

There arc tremendous ranees m nerfnrm u 
animals— rate and efficiency of p:,.n charactenstics of meat 

lean ^ ^rcass grade, and the percentage ot 

College, '’‘‘"handle A and M 

on only 753 pounds of feed per 100 n of 3 18 pounds per day 

a different bull gamed well 2 63noimH*° Another group sired by 

of feed per fOO pounds ot gam ‘"‘■"‘re"' '.'80 pounds 

pounds and fed them until slauvhti* Purchased the calves at 450 

same pnee („h,uh is do™ « ‘hoJ sold for the 

“Old have paid $8 54 rlre ner “"** P""""*' 

d'Berence does no, include suS 8°°'’ 

aThl””' AUo ealtle '"hor. interest on 

XTioZ ’T”® “hl^irefa 

on 2Sfi ^unds of gam In the fall nr pounds of 

of feed per loo pounds of ga,’n°whflcT 

* wniie the poorest group 
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required 312 pounds of feed feeder pigs 

us 60-pound feeders, the better pigs were 'vorth abom $4-00 more p 
SimLr ranges exist in feed lot performanee of lambs. 

8.5 Inheritance 

vnrv <;o creatly among animals 
Important performance traits, wh g. jn^ans the traits 

and among herds or flocks, are high y arents, careful selecdon of 

are largely passed to ^ flocte for feeder production is 

breeding stock within and for herds 

worthwhile. ^ celection of bulls and replacement 

It pays a rancher to practice ca traits in addition to 

heifers, considering these import P performance- 

prolificness of parents. Some ^°Sm ^ standard feeding trial 

tested bulls, whose rate J,,ave sired calves that produced top 

have been outstanding and which m y ^ followed their calves 
quality carcasses. Certain of these .(K-ienev and finally to packing 
to commercial feed lots to check other carcass traits, 

plants where they measured m® ^rd bulls or for selecting replace- 
They use this information to eval , animals, 

ments closely related to efficiency of gain, as well 

Selection of swine , monientum in midwestem states, 

as for carcass merit, has game g important to the 

Though selection of rams an programs are to the swine 

sheep industry as the Pm^o® . y jevoted to it. The sheep in- 

and cattle industnes, less atten npt received the attention 

dustry is a smaller mdust^, PPp 5 jetting up testing and 

of various educational and (ppir^’Because each lamb is on feed a 
appraisal programs for bree g ^ benefit to 

shorter period and consumes efficiency is less. True, if 

be gained by rigid benefit to the feed lot operator could be as 

enough lambs are involved in any testing program because of 

great, but more cost wouio oe i 

the larger numbers P^'^p^bMof producers are improving their herds and 
A rapidly increasing ^ bove and by other methods, so ate fast 

flocks by techniques "jtsTsource of good feeders. They, there- 
establishing a top reputation as a 

fore, can ‘*="’“"4 recewe *^°P P^^^^ bnow the performance background 
It IS not P“®‘^ '=• sections, therefore, discuss other factors im- 

in selecting fee • certain traits as indicators of perform- 

portant m selection ana tnc v 

ance and profitability. 
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A Feeder Cattle 

Feeder cattle are produced in all sections of the country, but most arc 
raised m grazing areas, where mature cows can do the best job of marketing 
available forage Figure 8-1 indicates some of the major feeder cattle and 
lamb producing areas The southeastern states have become more important 
suppliers of feeder cattle in recent >cars, with the return of much of the 
fomer cotton land to grass and the development of breeds and strains of 
wttle more resistant to heat and insects (sec Figure 1-2) The Rocky 
Mountain states and the and Southisest. including Texas and Oklahoma, 

areas Other localized pasture 
mur ’anH and Iowa, northern M.s- 

cattle usually n account for a considerable number of feeder 

cattle, usually produced m smaller herds 

feeder caturDrodnrM'^*^^**l,°” Southwest for 

in raisine feeder calvc<*" **2*cs» some interest has developed 

roughage that is a bv nl!li ^ ^ maintained on 

The^:^:?::ry mvZted.: 

most or part of the vear wb.rA confinement 

labor problems ’ ^ present numerous management and 

8 6 Breed 

animals Ik lomdm'all 

than the range in charactcnsticsamon'l'*"®' '“’'S" 

■n. predominant breeding7n 

rattle sold for feeding are “while fa ^ Hereford, so a majonty of 

hn'vnver, the use of LSm "d 1^"' "■ 

ynnts, many animals in the Anrns breed k*"* i" 

Pn with the rugged conditions prevailm. considered too small to 

hoTCver seems to be directed tolareer ® "‘’"8= “''=“5 Current selection 

Though the benefits of crossh^ ' ^ ™8gcd animals 
“w herds have been demons°rmeTm?n/di''^ >8) oommercinl 
disc Pincticc crossbreeding Cbm R /’ considerable 

Sr"?" <T0»bre7ie?ermf """ '“ders have 

Sss|rrf"'"“r'°™'y”'o«d,wen !„aTted’ Preferring and 

this d °*her than ‘ beef’ h u ^nd fearing that some 

adoDted"""'*"^"°'^ Perhaps wisely m tl? ancestry Fearing 

afwraTr="'"S“o%raS« L'S"'''’" '=« ranchers have 

Scfnolf '“'i=r ft ,s a^Sm S ■' “““ >>■= heneficial to them 
quality crossbred calves will d .^^"r^her who consistently pro- 

will develop a valuable reputattonLd, 
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, i- nnd feeder catUe and feeder lambs shipped direct into 
Figure 8-1. Sources of .g, marked supplied about 80 per cent of the cattle 

North Central states, IfbU- 94 of Ihg lambs. Note some ship- 

thal went Into this major feeumB Spates. (AMS, USDA) 

ments within and among tn 
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.t. nm imy pront bolh because of belter performance before vsean- 
mg and because of the demand for a vigorous calf that ssill perform well in 

''’'RSteMhan use mo or more breeds to produce crossbred cabes with 
diverse color markings, many ranchers base Incd lo reap some of the bcnc- 
rt of crossbreeding, and still maintain uniform color in offspnng, by using 
h 11 s from a diflcrcnl “line” or * family” thin the cow herd, but within the 
cd Such bulls w-ould be relatively unrehted and some hybrid vigor 
would result Much research by state experiment stations and the USDA has 
been directed toward development of lines within breeds for this purpose, 
and, perhaps, for crossing between breeds 

Some other breeds, including Brahman, Charolatsc, Santa Gcrtrudis, and 
anrbrny, as well as animals that arc crosses between these and the English 
breeds (Hereford, Angus and Shorthorn), have been used heavily m the 
southern and southeastern states because of their resistance to extreme heat 
niid to certain insects prevalent in these areas 

( nlllc of the larger dairy breeds should not be ignored m this discussion 
Many feeders market considerable roughage, and some gram, through 
IfoUtcln. Ayrshire or Drown Swiss steers, or crosses involving these breeds 
hiuh cattle norrnally gam faster, produce more carc-iss per pound of feed, 
,.nd hive a hi^er percentage of lean ,n the carcasses Carcasses grade 
lower becausc^cre is less marbling m the muscle and because they are less 

wetehb'am 

hrger percentage of lean and a smaller uerce ^ 

each pound of gam percentage of fat is deposited with 

In countnes where meat produang cauaeitv „ a .. 
population, a larger pereenlage of beef 0^00 ^^ r 

6 01 Dcei consumed is from animals of dairy 

TaUle 8 . Ciow.a a„U OaUoa R„, ,„a Dan, Sl„„. 

] I Holsteins 

Number ol animals ■ — ■ — — • 

Initial weight, lbs 7 m 

FlniU weight, lbs ,55 00 ’ 

p-m™ ^.b c„. ^ 59 ^ 

•James F Kldwell tv 14 40 16 90 

'Rations were nnt »v A McCormick J j f 
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breeding. There are several reasons: (1) milk is a cherished food and is 
produced more efficiently than meat, (2) dairy herds serve a dual func- 
tion; cull cows and steers provide meat, and (3) cattle of dairy breeding 
usually produce more pounds of lean per pound of feed. 

In the United States, to date, we have been willing to pay a premium tor 
cattle of beet breeding, because of certain quality factors in the lean such as 
marbling. 

Since dairy calves are bom all months of the year, it is difficult for a cat- 
tle feeder to accumulate a large group of dairy steers of similar age and 
breeding. Many cattle feeders want only uniform groups for feeding, so 
dairy steers may be discriminated against at the market and are often a 
“good buy.” 

8.7 Age and Weight 

The age and weight of feeders purchased, in addition to the species, 
should depend on the kind and amount of feed, labor, capital, and other 
such items, available. Feeder calves purchased for feeding soon after wean- 
ing usually average only 500 pounds or less (Figure 8-2). Yearling steers 
or heifers usually weigh between 650 and 750 pounds, and the few two- 
year-old cattle usually weigh 800 pounds or more. Older and heavier cattle, 
if good quality, are put on a concentrate ration rapidly in order to produce 
“choice” carcasses before the animals pass the ideal market weights. 

The "ideal” market weight is impossible to define since it depends on 


FIsnrc 8-2. “Fancy" feeder 
calves, on a Nebraska ranch, 
sorted for shipment (Amen- 
can Hertford Assn ) 
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quality and finish of cattle and also consumer demand, both of which vary 
greatly In recent years, however, it has been practical to feed good quahty 
yearling steers and heifers to the choice or prime grades at about 1050 to 
1100 pounds, while the small number of two-year-old cattle have been 
commonly marketed at 1200 to 1300 pounds, grading choice or prime 
Naturally, because lower quality cattle would usually not be fed to such 
heavy weights, much less concentrate but more roughage would be used 
Purchased calves are usually allowed to “grow” on hay, silage, gram 
stubble, and other forage before being confined in a feed lot for fattening 
The reasons are to provide a market for this roughage which might other- 
wise be wasted and to let the calves grow on a cheaper feed than concen- 
trate A later feeding period on a hi^ gram ration, ranging from 120 to 
200 days depending on quality of cattle and feed, will put good quahty 
calves m the choice grade at 900 to 1000 pounds 
It may be less profitable to finish livestock for market at too light a 
weight When a finished calf is sold for slaughter the sale price must pay 
not only for the feed and labor that went into the calf, but also all expenses 
of (I) growing and maintaining the cow, and (2) the calfs share of the 
bull cost (both included m the cost of the feeder calf) \Vhcn a 700 pound 
finished calf is sold for slaughter the price per pound must obviously be 
higher, to pay these costs, than if the animal is sold at 1000 pounds 

however, is the fact that a growing calf (or other 
nlTrt if “Tr srows and fallens So each addilional 

LmaHe r P^vious The most 

lo - "here these 


IS involved with calves however. 


so demand more altcntion Less financial nsk 


because a smaller animal is purchased and 


cent are two years old or older ^e^r^tT 

cows figure includes a few “stocker” 

8 8 Weight Within Age Groups 

‘,r"' w„h°' 'rt, ?' “ 

that thfTfs mogmtude in ibe smnTiri ® change m the same direction 

A correlatfon of 0 means 

^ wfii a J ‘correlation, variables It is 

and can ranee fmm Corrclatiom arc variable is associ 

^ -1 00 to 0 to 1 00 calculated by statistical techniques 
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and rate of gain during the feeding period. This means that the heavier 
animals within a group of feeder cattle will gain faster, on the average, than 
will the light cattle. This is illustrated in Table 8-2. Note that the correla- 
tion was not perfect in this case. Each increment increase in weight from 
the lightest to heaviest calf was not accompanied by a perfectly correspond- 
ing increase in rate of gain. But the trend and association of the two fac- 
tors, initial weight and rate of gain, are obvious. 

Several factors may contribute to the positive correlation between initial 
weight and rate of gain within a group of cattle. ( 1 ) Larger animals can 


Table 8-2, Initial Weight and Grade as Indicators of Performance in a Typical 
Group of Yearling Steers 


Steer 

no. 

Initial 

weight 

Average 
daily gain 

Feeder* 

grade 

Slaughter' 

grade 

1 

S24 

2.69 

5 

9 

2 

800 

2.72 

2 

7 

3 

783 

1.98 

2 

6 

4 

779 

2,58 

8 

9 

5 

77S 

2. 11 

9 

5 

6 

770 

3.09 

2 

6 

7 

764 

2.69 

6 

8 

8 

761 

2. 83 

5 

9 

9 

755 

2. 23 

2 

6 

10 

742 

2.30 

2 

6 

11 

730 

1.93 

8 

8 

12 

719 

2.78 

5 

8 

13 

710 

2.31 

5 

8 

14 

705 

2.25 

7 

8 

IS 

703 

2.29 

8 

8 

16 

702 

1,66 

2 

6 

17 

679 

2.03 

8 

B 

18 

667 

2.62 

5 

8 


'Grading Scores Below: Correlation Coefficients: 

Low medium = 1 Initial wt. x average dally = .36 

Av, medium =* 2 Feeder grade x average daily gain = .14 

High medium » 3 Feeder grade x slaughter grade * .47 

Low good = 4 Average daily gain x slaughter grade » .37 

Av. good R S Initial wt. x feeder grade = .24 

High good « 6 Initial wt. x slaughter grade = ,10 

Low choice » 7 
Av. choice « 8 
High choice •= 8 
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eat more feed Though all are “calves,” not all were bom the same day, so 
the older animals are more mature, may have a more functional rumen, and 
can eat more and gam more (2) If we assume no difference m birth date, 
the faster growth of the heavier feeders in a purchased group must be 
largely caused by heredity (if all animals in the group were from the same 
ranch and handled the same) We know that rate of gam is matenally in- 
fluenced by heredity and we would expect feeders who gamed relatively 
fast before entenng the feed lot to continue to gam fast, in relation to other 
animals in the group (3) Heavier cattle are more resistant to diseases such 
as shipping fever, inclement weather, and other stress conditions (4) 
Limited bunk space may give heavier cattle some advantage m the feed lot 
These reasons may also explain why the correlation between initial 
weight and rate of gam is usually higher (closer to 1 00) among calves than 
among yearlings or older cattle 


Important as part of this discussion is that efficiency of gain (pounds of 
gain per pound of feed) is usually better in faster gaining animals The 
obvious reason is that a faster gammg animal will be on feed fewer days to 
reach the desired market weight Since a large part of the ration consumed 
IS used for maintaining the animal and only the remainder contributes to 
increased growth, mamtaining an animal fewer days means a larger propor- 
tion IS used for gam 


A factor conflicting with the positive association between rate and 

Sr are compared, 

mem ' .r" T . ‘‘7 niaintenance require 

more fat whic^' ^ heavier animals usually include 

“^om more energyfor deposition than does lean 

efllciencv of've ^ positive association between rate and 

vfr^'^L^r^nitraCXtTusTnn “f 

cattle must exercise some^mdcrl ^at a purchaser of feeder 

■s seleamg from a group otto"cI!'vrslt'k® "" “ ‘'d 

quality, he obviously would selec^^he 1°,^ 

gam relattiely faster in the feed lot and 'ft”" 

the heavy calves will tv i calves and being thin, even 

faster, they could be more efE ^ ^^cient If they would gain enough 
On the other hand f ' 
lings carrying consid'crable ffcAmg aherl®^'’ r"** 
grass. noiAnoH mg anythine about L; ^ summer on top quality 
the lighter and thinner vearlmerT^ select 

because they are lighter nota«^ i P^o^^Wy would be more efficient 
>carlings are closer to the ortmt [ ? fattening process, and, since 

(see Figure 7 9, page 1 io> thf h it normal growth curve levels off 
not be large difference m predicted rate of gam would 
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8.9 Sex 

Most cattle in feed lots are steers or heifers, though a few bulls and cows 
are fed A majonty are steers, since a certain percentage of heifers are re- 
tained as cow herd replacements It is often possible to predict increases 
and decreases in future calf production by the percentage of heifers enter- 
ing feed lots , , , , „ 

Steers gam faster than heifers on similar rations, but heifers fatten 

quicker, so are ready for slaughter at a lighter weight Some 
because of the shorter feeding period If feeding raises the grade and va ue 
of an animal, the feed lot operator receives a positive margin, selling the 
pounds he bought for a higher pnee than he paid Because of the shorter 
feeding penod (and less feed consumed per animal) he could feed more 
heifers tLn steers with a given amount of feed Therefore, he might realize 

a margin on more animals , 

The shorter feeding period for heifers may sometimes be “"^^ered a 
disadvantage, depending on feed supplies and anticipated 
cattle Heife;s oBen “come in heat" during the feeding P^™^ Jiecom mg 
restless, ndmg each other, “walktng the fence, an gaming , 

eral days Because of the possibility of slaughter heifers being pre^an . 
causing a lower dressing percentage, packets often pay less for heifer 
Though this differential is usually reflected in purchase price of feeders, th 
gam put on in the feed lot. nevertheless, sells for less 
To avoid price discrimination on heifers 
nancy, some ranchers have spayed (removed ovanes) 
gnarLeeing them to be “open” Several experiments- have nd.cated 
spayed heifers eat less feed, gam more slowly, and are 

There has been a recent increase in the number of bulls fed for slaughter 
Bulls generally gam faster and more efficiently than steers and produce a 
carcass that has a higher percentage of lean Table 8-3 shows the results 
of bull feeding research at the Ohio Expenment Station There ‘s some 
prejudice against bulls for slaughter, since most bulls formerly sold for 
slaughter were mature, strong in flavor, and lacking considerably m tender- 
ness Most meat from such bulls is normally used in sausages and other 
ground and prepared meats 

Older cows such as cull beef or dairy cows, are sometimes confined to 
a teed lot for a very short feeding penod before slaughter, to increase the 
fatness of the carcass and the juiciness of the meat This is not rouUne. but 
IS practical it cows are of desirable conformation and arc young when 
culled, yielding relatively high quality carcasses There have been times 

"^FTKcrcherclo/ Wyamws Agr Crp Sla M,meo Ore 127 (1960) 
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Table 8 3 Results of Feeding Trials at the Ohio Experiment Station Comparing 
Bulls and Steers* 



Steers 

Bulls 

Trial 1 (168 days) 



Number 

10 00 

10 00 

Initial Weight lbs 

555 00 

529 00 

Average daily gain lbs 

2 31 

2 76 

Feed per lb gain lbs 

10 77 

8 86 

Trial 2 (Carcass data only) 



Number 

8 00 

20 00 

Edible portion percentage of carcass 

73 17 

77 52 

Fat percentage of carcass 


6 32 

Carcass grade 



Tenderness score ^ 

8 01 

7 27 


•Score of 9 « very tender, 8 - tender, 7 - average 
•AMS and ARS, USDA 


ma of thl heavy culling of beef cows m range areas Market 

low th 80 dueetly to slaughter) dropped so 

sole gmn »hto roughages and 

8 10 Feeder Grades 

oanX;lL“ ~nd r '='>* '’“J- 

and prices, grades have beereSbhIhcd"?“' 

quality The USDA has assvim«ifi * ^ grouping feeder cattle by 
•ensues of the vanous l"d '>•““- 

appraisal is rather sub^ctive and P'etuies Since cattle 

mem, interpretation of grade sDecilir^"^ ^'’‘"'"'ha' on individual judg 
eonsiderable uniformity! howewr “'"'S People There is 

useful tool for market reportme and r j' 8™'^“ have provtded a very 
"'l^hy phone, wtre, or mad (Rgure ™"’als to a buyer or 

Uon According to USDA descnmmn^'^^ related mainly to conforma- 
be short, wide, and deep bodied sbonid t grading feeder cattle should 
hoe, and should be relatively “ ''™ght top line and under- 

are similar to those considered mmd" "L*’’ ‘‘'P* These entena 

Since the relauvc conformation of^Jh'*“® carcasses after slaughter 
''"'•"g. there usually is a W ‘ ‘=hange materially 

the bcEmniag of flie feeding “''''“''O'- between feeder grade at 

E Penod and the carcass grade after slaughter 
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There is little or no correlation however, between feeder grade and rate 
of gam In fact, some studies ha\e shown a slightly negative correlation 
bctv,een grade and rate of gam — rangier, narrower, and longer legged cat- 
tle ha\e gamed faster on a s imilar ration 

Since conformation is important in both carcass and feeder grades, 
choice and fancy feeders are usually fed a higher quality, more concen- 
trated ration for a longer period to produce the carcass most desired by the 
consumer Lower grade feeders do not ha\e the conformation to potentially 
produce top quality, high value carcass, so are fimshed on pasture or fed a 
cheaper, higher roughage ration, and/or are fed a shorter length of time 
Such a feeding program would be used, for example, for Holstein feeder 
steers 

It 'S dear that feeder grade is a relatively reliable indicator of the grade 
of the fimshed carcass, but it is nor a reliable indicator of rate of gam or 
feed lot pe^rmance Some high grading feeders will gam fast, some will 
feed/r r,., 'owcr grades But if 

produce h^;::rg“s* “ 

8.11 Color 

chOTnemues°sucrarr^te?nLffl°‘’^^ ■ndopendem of performana 
many stockmen hav. « ' oEBciency of gam or carcass ment Though 

South Dakota Agtraltural&rli”"^’ 

difference due to color Ctwi'*'!!”'”* has shown no petfotmance 

in all color groups Probablv the l^rfonning animals can be found 
tarn shade is that they have Lh 

growing or feeding cattle of that'* ° P'O^lablc and pleasant expcnence 
cattle of a different shade ^ unprofitable expenence with 

Sn other Indicators of Perfonnauce 

liable guide to feeder anwstors serve as a relatively re- 

traits, research has continued towSd^^d 

more accurate indicators of future nerf ^ tluect, simpler, and 

Th= Irtcl of prole, „ bound ‘“raWc 

dicator of rate of gam This ro'Ss"' a rather reliable in- 

Ihs'^''d'^'” 'h'™'"' >0 control ralTof *h' •hymii gl“‘*’ 

th>roid, which produces a hii* eirculnr metabolism An overactive 

iodine) causes rather poor 'hytoxin (protein bound 

■VC and restless, using STtoTmX"* h'Shly sensi- 

100 inactise. however, arculatinc ihv ^ motion If the thyroid 
E m>roxin IS low and the ammal is too 
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Table 8*4, Approximate Correlations Between Certain Traits with Feed Lot Per- 
formance and Carcass Merit of Cattle 


Trait In feeder 

Performance 

Correlation 

Initial weight on 

Rate of gain 

.30 to .40 

Initial weight on 

Carcass grade 

0 

Feeder grade on 

Rate of gain 

0 to -.10 

Feeder grade on 

Carcass grade 

.40 to .50 


sluggish to move about and consume normal quantities of feed. The rela- 
tionships of other blood components, such as red and white blood cells, 
proteins, and other chemicals, to feedlot performance have also been 
studied. 

Some measurements which have been studied as possible indicators of 
feed lot performance and carcass merit are summarized in Table 8-4. Cor- 
relations show the relative reliability of the various factors as indicators. 

B. Feeder Lambs 

Since sheep are well adapted to cool climates, rough terrain, and rather 
sparse vegetation, a majority of the sheep are raised in the mountain states 
and arid plains states (see Figure 8-1). Few concentrates are available in 
the grazing areas, so most lambs are shipped out as feeders soon after 
weaiung unless, in some cases, the lambs carry enough finish to be slaugh- 
tered directly off grass. 

Lambs raised in midwestem “farm flocks” are usually sold for slaughter 
at or soon after weaning. Such lambs usually have access to a creep ration 
in addition to their mothers’ milk and pasture, so are finished at an early 
age, and are not sold as “feeders.” 

8.13 Age and Weight 

Essentially all feeder sheep are sold as lambs, between five and eight 
months of age. Older animals, after feeding, yield carcasses with an un- 
desirable, stronger flavor. Feeder lambs range from 50 to 90 pounds; most 
are between 60 and 75 pounds. The consumer desire for light weight cuts 
and the slow fattening which results from about 50 per cent necessary 
roughage in the ration, mean that light feeder Iambs, weighing 60 to 65 
pounds, are desired. Light Iambs will be more likely to grade choice by the 
time they reach 100 pounds (Figure 8-4). 

There are other reasons why light lambs may be more profitable for the 
feeder. Whenever lambs are bought and sold there is marketing expense 
and considerable transit shrink. If lambs arc purchased at 80 pounds and 
sold at 100 pounds, shrink and marketing costs are high in relaiion to the 






R.'?roa*d^ W"' « Corn B.U f«dteu (Union PacBc 


^ buy. feed, and 

quantity Of feed as he would if market a certain 

the heavier lambs would orobaHv'*"^^^.'* lambs Also, 

than lighter lambs because a lareem®^'” 'Kt^'itntly, on the average, 
then asenage daily mamtenauce reqmr^e'nusli'i' f" '' 

last,'irLrse"onhe''r;(r ' ^ Bau. 

m lambs mentioned this is less important 


8 1 4 Breeding and Color Marking, 

■ag-^ircd“tmmrrf ™derw of some mutton breed- 

-ool breeding are narrower, m„gTa„H ‘^'“apler '») Sheep of fine 
Most ewe flocks m range area, a' “ '=« -l^^'table carcass 

cavy yield of high quality wool and ai u timeding because of the 
«'nn rnake .hem more adapre” ^nle 'yP' and conforma- 

found practical ,o ma7„mi„ nl„ ^fany sheep ranchers 

» more valuable They breed o"ly "L "' "“nk, since fine wool 

fiKk replacements, and use mutton tvif^ ‘'"'-"ool rams to provide 
”“'i'r cr^sbred feeder lam™ mTon 7 "> P™inne die 

v.gorousa„dg3i„fas.er.bo,b„nd.?™r^ more 
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Hampshire and Suffolk rams-both with black 
popular for such crossbreeding programs, because of their large mature 
Le and ruggedness. Therefore, feeder lamb purchasers have developed the 
habit of looking for black-faced or dark-faced feeder lambs, knowing they 
would probably gain faster and produce meatier 

straight-bred, fine-wool lambs. In recent years, however certain white 
faced mutton type rams, such as Columbia and Cornedale, have been used, 
so the black markings have become less reliable as an indicator of cross- 
breeding, faster gains, and potential carcass ment. 

8.15 Grades 

Though official grades of feeder lambs have been designated and de- 
scribed, they have less significance in appraising feeder ^ 

grades for 4der cattle. The main reason is T n the 

tion in feeder lamb quality, so less need for gra ing. ^ restriction 
heavy seasonal influence on lamb production, ( ^ ^ limitation on age 

of feeder lamb production to grazing areas, and (3) 
and weight for lambs entering feeding programs, near y similar 

are produced under very similar conditions and are sold at equally siindar 
ages and weights. About the only factors which contribute greatly to varia- 
tion in feeder lamb quality are breeding and health. 

In most years healthy feeder lambs carrying some mutton breeding gra e 

either chdce o;‘‘good\o choice.” Lower ^ “ 

straight fine-wool breeding, are l^e larnbs that ‘ 

early, lush grass (and their dams probably produced less milk for the same 

reason), or are from a drouth area shorten grass. j-nt «« omcc 

Since feeder lamb production is so seasonal and “ ^ 
production, there is much yearly variation in lamb ^ 

some years lambs are thin, light, and look poor, g y 
highly profitable to a feeder for these very reasons Other years rairfa 1 
and temperature are such that all Iambs are heavy at the end of *6 grazing 
season; many carry enough finish to grade high good or choice “ ^ 

directly to packers. Though the Iambs are in excellent condition, yeare 

are usually bad for lamb feeders. The Iambs are too heavy for an economi- 
cal feeding program and feeder prices are high, with packers competing 
for lambs carrying some finish. 

8.16 Other Influences on Performnnee 

Groups of feeder lambs arc usually fairly unifoim and therefore are not 
severely sorted. History of individual Iambs is usually not known =>nd bmbs 
are seldom sorted according to sex, although these factors do influence 

'“MaL” HmbT wm gain faster in the feed lot than ewes, partly because 
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they are heavier at weaning time and upon entering the feed lot Though 
essentially all male lambs are castrated soon after birth and sold as wethers, 
considerable interest has developed m feeding young rams and marketing 
them for slaughter “intact ” Such would avoid the shock, weight loss, and 
nsk associated with castration Rams should gain slightly faster and pro- 
duce leaner carcasses than wethers, so gams should be more efficient Since 
lambs (especially those from farm Hocks) are slaughtered at a light weight 
and an early age, secondary sex charactenstics have not developed and 
there is little evidence that carcass quality would be impaired Packers cur- 
rently dock ram lambs $1 00 or more per cwt , regardless of weight Evi- 
dence to support this practice, espeaally m young lambs, is not available 
Leaving male range lambs intact would probably be less practical be- 
cause t ey are older when slaughtered The possibility exists, however, 
that certain hormones could be used to inhibit development of the sec- 

avfSrere 

or '“mbs bom as twins 

tion are less mpply and milk produc- 
ed loT’^'sL®" >0 Perform better m the 

lot performance 

tors Trails 


Trait In fee der 

filial wei^t 01 , 

Initial wel^ on 
Feeder grade on 
Feeder grade on 
n ! grade on 

'»l««l»elEl,.M feeder IS S 


Performance 


Rate of gain 
Carcass grade 
Rate of gain 
Carcass grade 
Rate of gain 
Carcass grade 


Correlation 

coefficient 


.05 to .10 
.30 to .40 
0.00 to 05 
.30 to 40 
05 to .10 
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Only in recent years has hog production become greatly specialized with 
feederVigs being grown on one farm and finished on another Such spe- 
Slttiofis ceLInly not complete, but has been 
factors. Increased competition and the need for specialization and lower 
production costs have been infiuential. Farrowing ^ f “ 

Llated housing, controlled temperature, and other ^ 

require capital and must be kept busy in order to be profitable Men with 
facilities, experience, and personal desire to wor wi ^ v. 
young pigs have found it profitable to specialize. The term pig hatchery 

has been applied to some of these production units. . ^^in. hive 

At the same time, many farmers have ample gram for feeding but have 
expanded or specialized in other branches of the 
lack labor, equipment, capital, or desire to farrow 

pigs to market weight requires relatively less labor, capital, and equipment, 

so many such farmers prefer to buy feeder pigs. 

Several factors have delayed development of this specialization Pig 
are affected by and are carriers of many contagious and senous d sease 
Farmers have naturally resisted bringing pigs from other 
farms, especially if they might have been hauled in several differen racks 
and were routed through various markets. Also markeung ^ 
pigs are high in relation to the value of the animal. Essentially as much 
labor, skill, and record keeping is involved selling a P‘® 

$15, as in selling a 500 -pound calf worth $100 or a 700-pound yearling 

worth $135. 

8.17 Pig Producers and Dealers 

Because of relatively high marketing costs most feeder Pi^ nre sold 
directly by producers to feeders, or are handled by dealers. Ce«n n co- 
operatL units have developed in feeder pig producing areas, such as 
Wisconsin. Relatively few feeder pigs are sold through central public mar- 
kets, but a large number are sold through local auctions. 

Nearly all feeder pigs sold by regular producers or dealers are sold soon 
after weLing, at about 40 pounds. Feeder pigs at many auctions, however, 
may range from under 40 m 150 pounds or more. Such heavy pigs are 
often referred to as “shoats.” 

8.18 Health 

State laws usually require that pigs brought into the state be v^inated 
and be certified as being in good health. Such laws do not control ship 
ments within a state, however, so it is important that producers and dealers 
develop a reputation for selling only healthy, isease ree pigs. 

SanUation is extremely important, not only in farrowing houses but also 
in scales, pens, and trucks occupied by pigs from a number of farms, l^ck 
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Figure 8-5. Feeder pigs, 
sprayed for mange and lice 
and immunized for cholera, 
Iea\e the yards of a feeder 
pig dealer. (Succrss/ul Farm- 
ing Magazine) 


of ngid sanitation procedures, or lack of scnitiny in purchase of discasc- 
tac breedrag stock, has caused a number of "pig hatcheries" to fail. This 
hoe ““pcticnccd in the risks of 

buneh^ ■ "" “‘’P'" *" ">«■'' '“'rowing unit to 

pZc luended ' h” ■ f™"*’.''"* m=n, and the general 

Several such un't ^ ''“'iety of vigorous disease organisms, 

several such units were in business less than a year. 

8.19 Appraisal 

cemed with hSth^ feeder pigs Purchasers are most con- 

ter hogs, because of the T primarily on price of slaugh- 

^ pounds and nwket pri« *' 08 ®. per pound, up 10 

2. One third the value of l ‘I®''"'* thereafter. 
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The price of com or grain sorghum and other ration ingredients m com- 
parison to the current and anticipated slaughter hog prices, should 

sMssssh 

indication of the quality of carcass that can p oiinhtlv fatter at the 

gam faster, produce leaner ^ °o„sumer prejudice, researchers 

barrows or gilts (see TaWe 8-6T B d P^ sometimes, though 

must also solve the problem of an oiienMvc 
not usually, present in boar carcasses. 

» j Tt/AinKt fit Slauchtcr on Littcrm&tc Hogs 

Table 8-6. Influence of Sex and Weight at biaugmcr 


150 lbs, 


200 lbs. 


Item 


7??Tt« arrows Boa^ Gilts Barrows Boars 


Number of animals 
Dressing per cent 
Backlat thickness, In. 

Weight of “eye" muscle,^ lbs. 
Lean cuts, per cent of live wt. 
Tenderness* 

Flavor* 


10 

75.3 

1.4 

2.2 

39.3 

7.4 

6.5 


10 

10 

5 

75.9 

74.4 

78.1 

1.4 

1.2 

1.6 

2.1 

2.3 

2.9 

39.3 

40.3 

39.5 

7,4 

7.1 

7.5 

6.4 

6.4 

6.5 


5 

77.1 
1.8 
2.2 

36.2 
7.4 
6.7 


4 

75.5 

1.5 
3.0 

40.2 

7.4 

5.6 


1 R 1482. 1959, and private communication. 

*V. R. Cahill et al..J ^n*”****^*^* ’ 

* Longlsslmus dorsl. . . 

> Score ol 10 = very tender, 1 =■ very toneh. 

* Score of 9 » excellent, 1 = poor. 
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The consumer is the boss In a ‘ free” economy a potential 
purchaser is at liberty to aaept or reject any product The 
Amencan housewife, who spends most of the money that 
IS spent for food, can choose among a vanety of high protem foods— 
beef, pork, lamb, chicken, turkey, cheese, eggs, fish— for the mam dish in 
he menu Faster transportation and more effective preservation, as well as 
®1 '“‘’s continually competitive in 

SmTo ^ n ° T “nsidered “seasonal ' or 

peculiar to a certain area of the country 

.nj°wnh morn'", ^er weekly food shopping 
no? d L more To! t fhe and her family do 

le« LdTuamny ha let?* "■=' 

afford /usher ’uufiry foods T 

aflord more • built in maid serv!eS" ^ ‘'■*“‘"”"ating She can also 
foods fully prepared for the pan or iven '*'"‘"8 

and niaSgemcm''o?'m?a°'a™OTaK“''’'' 7' "> a degree, nutrition 

feed fed, levels of certain nutrients mm" ” ’“'8' influence Total 

nod, use of certain feed additives ''“8”' ’'i° feeding pe- 

the quality of meat at the retail ' slaughter can each influence 

These influences are often , 

ducer IS paid for his animal's -AZh Z'' P"“ “ P'"" 
grams may not be obvious when ihe aflects of certain feeding pro- 
eflect on the quality of product the h™ “'i* f'”’ slaughter, any 

future purchases nr ™„ — i . •’nnsewife buys will certainly influence 


future purchases or genemldemaudl 

P-1 IMiat the Consumer Wants 


IVhat kind of meat does the Am 

pr^erences vary among propfc anT?^”; Tii='« 

Chapter 25) But Ihere are „m, chT„m"'=“ "f 'Ki 
irc m meat by most consumcre ensues that are commonly de 

"C want a high proportion of fe„„ Eaeess fa, n 

lat on the outside of a roast 
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Figure 9-1. The American 
housewife has much free- 
dom of choice when shop- 
ping for the main protein 
dish for the family dinner. 
{Successful Farming Maga- 
zine) 



or steak, cr heavy seams o£ fat between g-ups^ ham, _am 

wasteful. Surplus fat on pork is more und 

than on lamb or beef, probably because por a . by 

heredity, so selection for leanness mb g however 

management, and age at market time c^^^^^^^^^ 

^enderners IS important. People! ^ 

It with ease. They will pay .* j „i,h age of the animal at 

Though tenderness is fibers recent evidence indicates 

slaughter and fmeness and texture 

other factors are important. The ex h^ 
molecules comprising lean muscle may 

dication that tenderness is inherited .. . bf flavor is not clearly 

Consumers are highly conscious offl^^^^^^^^^ ^ 
apparent. Some prefer “ ""'b P flavor to the consumer and 

tinef flavor. Aroma is '“"^“"grmost consumers will tolerate 

the “right” aroma is extremes in flavor and 

considerable range in density oi iiavor u 

“ " :r 

t™h :l:“ mTytrretuanrbc the casl This illustrates, though, that juici- 
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ness IS important to the consumers’ sense of satisfaction Finely dispersed 
bits of fat among the lean tissue (often called marbling) make the greatest 
Mntnbution to juiciness Some fat, then, is highly desirable But it must be 
ne y isj^rsed among the lean to give juiciness to every bite, rather than 
profusely laid down on the outside of the cut or muscle group 
10100030^01 !t!^' of color, size of cut, and other items may also be 

considerable ml consciously or subconsciously, and may exert 

constderable mfinence on her choices at the market 

9 2 Carcass Grades 

many meatTrMsmrseSvTh^' according to quality Though 

Ac grades most uniformlv sy^'c®. 

Service of the USnA those advanced by the Federal Grading 

Carcass (Napier 21) 

identify a certain qu^tv functions The consumer soon learns to 

that meat beanng the ^ particular grade Consumers know 

impartial federal emploveT*^^'!!^ graded by an 

carcasses by packers must K. that private grades applied to 

Wife will develop and retain discrimination so that the house- 

Many surveys have shown H companies’ products 

with individual grade name^ consumers are not closely famihar 

cemin carcass or cut ThK which should be applied to a 

value On the contrary, evidena* ^ ”«cessanly mean grades have httle 
rom a certain market becau^*. !” housewives buy meat consistently 

The retailer soon learns till she prefers consul' 

i(‘ 8‘'®de The housewife handling and promoting a 

™ grader to show her dependnS. ^ ^blls with a coope 

“P®” the importance of a grading 

Many retaders handle only „„ 

served ’ T ^ Emde of cor^^^^ — usually USDA 

“budeei ^"a such , ^“'"y retailers who 

kavef n j!"' commumty also provide a 

well « trmiinS Standard Most pork 

Groupin'^ retailers demand 

8radT„g‘attat“f« -Po-S Ss. Phone It Sso makes 

Higher grades on‘SnM"0“Ptar21 
nbs, hi^r"'™ ’"g’t'pnS^h'f indicate these carcasses hate 

hng'hter cll^ f --- mi-, tounds, and 
. etc Because of the tnarblmg, finer texture, 

cr concern for lean pork, current 
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is graded Ln USDA or rrrost ^ “e^V'^^lhTn a -caS con- 

is some quality variation “"’“S 'o variation, and there is 

sumers are generally aware of the g carcasses than 

little evidence that the variation would ® ,. . . j u,s by the USDA 

in others. It is also apparent that grading of individual cuts, by 

or a packer, would be extremely costly. Though graders are 

understand, too, which 

well-trained, experienced, and supe^ , considered and the 

influence quality must be ^ b research is now directed toward 

grader renders a subjective decision ^bh quality and that can 

finding carcass traits that are highly 
he quantitatively and objectively measure . 

9.3 Length of Feeding Period 

o. — 1. ■ — 1> 

feeding period has a large more^fat between muscles and 

hogs on a high concentrate ^ -me on feed progresses. The average 

on the outer surface of the carcass as . jq 90 days before 

thin feeder lamb must usually be tedaM 

enough marbling has accumulated jon is usually 

ness, flavor, and palatability. „ ®e,ch the low end of the 

considered minimum Spending on weight, breeding, and 

choice grade. This may vary greatly Oepenumg 

fnr cattle and lambs, fattening does 

When high ™“g*'“8Y‘“'°T^^means that cattle on a high roughage ra- 
not proceed nearly as fast. This mea 

tion usually can and should be ^ is preferred. But hogs 

With hogs a contrasting probletn nation and have a natu- 

can efficiently use only a high energy, production and 

ral tendency to fatten at an early age. Th- Jtered at fairly 
sale of high quality, preferred ^ , 8 £ fat and lean in pork 

lightweights. Table 9-1 shows how the perceniag 

carcasses change at increasing slaughter weig^ ^^ 

All figures =>bove show a ^nUe andjm ^ 

casses from heavier hogs. ^aly the hair, blood, viscera, 

hog slaughter the fat remains on t cLaper, fat cuts increases 

and head are removed. T = P™P° bigh-priced, lean cuts decreases. Not 
tremendously, while the P"""';® 8 P trimmed lean 

only is there a decrease in proportion ot lean cu , 
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Table 9 1 Carcass Quality of Pigs Slaughtered at Different Weights* 


150 175 200 225 250 300 400 


Dressing per cent 73 7 73 9 73 3 79 3 

Fat cuts per cent ol carcass^ 29 02 32 05 34 59 36 66 

Lean cuts, per cent of carcass* 54 58 53 95 52 95 51 63 

Ham, per cent of carcass 18 91 19 03 18 64 18 51 

Per cent lean In the ham 66 24 65 06 63 17 60 23 


Per cent of entire carcass 

51 52 48 55 45 00 43 48 43 04 41 08 34 34 

Bone ^ ” 38 41 79 44 33 44 90 47 70 55^7 

Skin 9 33 8 79 7 58 7 56 7 09 5 86 

5 30 4 45 4 16 4 20 4 17 3 88 4 19 

in thrLm"mamc iTtrartOT 

provided at the bmiom of the tabte^'h'^" '' '™' summanzation K 
ont> two thirds as much m the ‘•'e percentage of lean to be 

carcasses from the 150-pound hogf'*' '’°S* 

hogs obviou's1y'req3much°mo ' 

lower quality product IS ptMu«r '”"®' “ And a 

tors (1) Breedmg-^alket'hof'* f” depends on several fac 

•ered at heavier weights and S f ‘“'ly lean parents can be slaugh 
■nand-d pork ,s scarce consumem'lrer" Supply and de 

less apt to dock heavy hozs R* » r ^ ^’scnintnating and packers are 
severely discounted at the market Plentiful, heavy, fat hogs are 

any other animal, production cosu pig— as with 

animal If a httcr is sold at hcaw I'” 

eac pound sold heeds to bear les^: of pounds are sold so 

^«er each pig bears less of the ccKt r***' P^'^^^tion costs If it is a large 
Feed pnce_ih,s miemcts w.d, "‘^'aming the sow and boar (4) 

fm™ '^'“'’’""'"‘gh tot each ■* ‘=’’“1’ 

re ban it costs pigs will be fed i f. added to a hog will sell 

Obviously to Ideal weilrm '^ ™8hts 

wei^t for most profi, ^ bvo different things The ideal 

1 eal weight for top pork quality " markedly different than 

5 4 EneigjLe^el into Ration 
In animal growth the skeleton t. 

and absorbed (^f^cfniaintenance needs nutrients consimied 

^^Oa lean tissue ranks second. 


83 2 83 7 

39 90 46 18 
48 84 44 68 
17 08 16.27 
60 60 52 63 

41 08 34 34 
47 70 55.27 
7 09 5 86 

3 88 4 19 
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and the animal fattens only if a surplus is 

first two and maintenance. Energy ° slaughter. A slight restriction 
consideration in producing meat amm n^ornwth of skeleton and 

„„„ i..i. .m « XS :ffl‘Srg.o.a, 

muscle tissue may continue. A further energy . . q 

of muscle tissue but the skeleton ‘ on cattle 

also familiar with the disproportionately arge because the 

skeleton has continued to grow almost ® . 

and deposition of fat have been interrupte or a m influence 

The classic research of McMeekan. 

of energy on carcass composition. Pigs nercentaae in 

then tef a limited ration till slaughter time had ^ 

the carcass. Pigs fed the restricted ration dunng th firs P^. then tte 

liberal ration, produced extremely fat ^ilfg 1n^^^ 

apparently important, -growth”^hts slowed and fatten- 

duce considerable lean tissue. Later, aft S .tpnosition most. 

ing accelerates, restricting energy inta « have reduced 

Because leanness is so important in po , . ntion 70 to 90 

energy intake by (1) J^f^/ainrCor other coarse, poorly digested 

«'<4' <« rrr.£“ ss 

l«hnlques are geaerally ,he hog! are mainloincd 

carcasses. All methods delay ,i„u„®and the investment con- 

more days, more labor is used, carcass value. Hand 

tinues. Costs of gam may '"r^rease m certainly 

feeding requires extra labor (though an .„,^he. When pigs 

be devised) and aggressive p.gs sti 1 „^,„able for 

are on pasture, more energy is useo lu 

f,,., in hoes by selection and the effect 
Since leanness can be changed so g.ir-cs only this generation and 
of reducing energy intake - ‘ WTm fotw l^te^ding program that is 

not the next), “f rasture can produce pork more economically 

most efficient and practical. If pastu P j But leanness 

than a dry-lot program, then pasture s , -i.-tion. 

can be most effectively and cheaply con ro poultry rations 

Surplus animal “"t* y und apparently high digestibility, 

because of their extreme energy potency ^ 

As would be expected, “‘>‘*'"8 increase is small and could be offset 

creases fatness of the carcass, but the in 

easily by more rigid ''uBhirg rations is influenced by two con- 

Proportion of energy m lamb iim B 

^ W. Anr. Sclrncr 30: 276, 387. 5ll;3I:t- 
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fijctjng factors Lambs need sufiicient roughage to prevent overeating dis- 
ease yet must be finished to grade choice at a relatively light weight Only 
limited quantities of extra fat can be used cffcctiscly in ruminant rations to 
increase energy content In such cases it is apparently important that a high 
quality roughage, such as alfalfa, be used 
The ratio of concentrate to roughage vanes greatly among cattle feeding 
programs and depends on weight and quality of cattle as well as pnccs of 
feeds Low quality cattle arc usually fed little, if any, gram, since roughage 
is usually cheaper feed Consumers will not pay a premium for fat on low 
quality beef, and it doesn’t pay to feed expensise concentrates to produce 
gam that will sell cheap It is belter to invest gram in top quality feeders— 
cattle that can potentially grade choice or pnmc And even top quality 
feeders need grain to produce lop quality carcasses 
Table 9 2 shows the results of a Kansas test where calves of similar 
quality were fed different proportions of concentrate to roughage, their 
rations therefore containing different proportions of energy Carcass grades 
indicate cattle receiving 75 per cent gram graded much higher than those 
receiving only 50 per cent gram The carcasses earned more marbling in 
the meat and also more finish on the outside The extremely high concen- 
trate ration, containing 83 per cent gram, produced carcasses of about 
produced on 75 per cent ccnecntratc Though the 
tion wfl« " higher in proportion of energy, feed consump* 

and othel r '"***'« was no greater (sec Action 7 4) This 

Com and "" »' ^“nous conccntrales 

S." ofer eon 7 7 Energy values of oats, barley, and 

given But reniember tha^rur'hMtrV"" 

aooui naif the energy m a fattening ration is 

^ ^ R.1.0 Of to fp. 


Per cent grain sorghum 
In ration 


Number of calves 
Initial weight, lbs 
Final weight, lbs 
Av dally gain lbs 
Av dally feed, lbs 
Alfalfa, lbs 
Grain sorghum, lbs 
Feed per 100 lbs gai„ ib. 

Dressing per cent 
Av carcass grade* 


500 


83 0 


10 

502 00 
934 00 
2 13 
23 25 
12 22 
11 03 
1,093 00 




10 

10 

503 00 

505 00 

949 00 

933 00 

2 20 

2 10 

20 84 

19 38 

6 66 

5 08 

14 18 

14 30 

948 00 

919 00 

60 00 

5 40 

60 30 
5 00 


P 32 1956 

"a a- top good 
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1.3 

1.5 

1.0296 
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used for maintenance. Of that remSg^is^ aJSlable for 

growth, second is muscle growth, an bundles. So the 

deposition of fatty tissue among th 
fattening value of such feeds may differ markedly, 

9.5 Protein Level 

A Mg.,, -I... Pb.^.,.1.. 

produces leaner carcasses. Lean ‘‘^7; "^tutTrom other nutrients. 

water. Animals cannot produce protem for lean t.^ 

The increase in leanness resulting from extra protein is n 
consistent (see Table 9-3). 

Table 9-3. Influence of Protein Level on Pork Carcass Leanness^ 

Protein level, percentage 
Live probe, In. J*® J*g 

Carcass backfat thickness, In. i.o 

Specific gravity^ ^ 59*9 59.7 60.2 60.6 61.0 

Per cent lean cuts gg 3,7 3.7 3*S 3.6 

Area of loin muscle, sq . In. ■»« [ 

• 0 . C.. Ashton Animal Sal. W 92. *»“• „.,er, then BpecUlc 

' since fat Is Ushter than water, greater tendency to neat, there- 

gravity Is calculated. Carcasses that are 
tore a lower specific gravity. 

j » It hiph orotein ration is usually greater 
In hogs the increased cost of a hign P 20 per cent 

than is the increased value of the carca . . protein, that the 

protein are not enough leaner than hogs fed ge 

average packer buyer could visually but the influence 

Similar effects have been obseiv relatively high cost of 

IS not usually as large as in hogs. B j j protein that 

high protein feeds, it is usually practical to feed the 
will produce the most economical gains. 

9.6 Specific Feeds r -i i 

Acorns and raw soybeans arc P0P«'at>y ‘^fslLS^ 

carcasses, if pigs have P=r cen.® These plant 

contain about ten per cent o‘' .j 3 ^ liquid at room tempera- 

oils arc composed of unsaturated fa J ^,-,1 j, released from the 

turc. When a pig consumes ° ^abUrted into the circulalory sys- 

feed by digestion in the s™” ’ ^ith veo' chemical change, 

tem, and carried to the cells for s .B . , -nfiar than typical pork fat. 
This deposited -fat" is therefore “/J" ^ut 45 day. before 

If these oily feeds arc removed ^ quality carcasses 

hogs arc slaughtered, the fat ‘piously deposited has been 

can be produced. This is because -.dalxilizcd or chemically changed 

mobilized from the original storage » 
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by the pig to typical pork fat and rcdcposilcd This is a normal process, 
but the time lapse after feeding the oily feeds is necessary before slaughter 
Com geneticists have developed high oil strains of corn, specifically for 
production of domestic corn oil, but such corn would also be a high-energy 
feed for livestock Hogs- fed high oil corn produce carcasses with slightly 
softer fat when measured by precision techniques, but the effect would 
not be noticeable to the average consumer 
Processed garbage fed to hogs sometimes produces relatively soft car- 
casses, unless the hogs are hardened on gram for several weeks before 
slaughter Though oil content of garbage vanes, salad oils and dres«ings, 
lettuce, and some other vegetables contribute considerably 
The specific feeds discussed above arc of little concern in beef or Iamb 
quality because the feeds are seldom used in ruminant rations, or arc used 
at low enough levels that any effect is not obvious Also, since any unsatu- 
rated fatty acids are apparently hydrogenated (made saturated) in the 
rumen, the fat deposited tends to be harder 
Some current research has been directed toward feeding sugar to meat 
animals before slaughter to increase the dressing percentage, decrease car- 
cass shnnk in the cooler, or improve the color of lean after slaughter The 
value of this practice has not been fully substantiated 

9 7 Feed Additives 


2 nd poultry rations do not cause a 
Zbfot,?2H‘L"’“' ‘il'""'' “'Sh' *>= “used by the 

rapid Earns etc wu " 'esnlting from improved health, more 

ms a belief that fan" popularly used in swine feed- 

dicated that if iher “tcasses were produced prevailed Research in 
tleTmZumh.: “ "" “ -s slight and not con- 

to iniprovc°'cZsZualiK (implanted under the shin) 

rasses thatweTfmtZ'u “'™Een produced broiler car- 

rmranr to increase gams and feed nre mc'uded in cattle and lamb 

on carcass quality Becau^p there is little apparent effect 

drooping of the pelvic bones th”TaZe''d““'“ “ ^'’^'^tion and 

from cattle fed stilbestrol, and the mill n carcasses 

muscular Though this effect i« appear as wide and 

carcass quality Pparcnt, there may be no real influence on 

generally grade lowfri ^ natensscs 

retained in the tissues, and have 1 p< or legs, have more water 

Acker.fr,, T **«dies’ have also 

9 4ra ra'”" data 

9 418 ,96, t Acte E A. Kl.na, r Ajr and Food Cf,™ 
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indicated that stilbestrol fed to lambs, ^°”7^the'^muscle. Though 

an increase in Lderness, no effect was noted 

connective tissue is thought to be reiat r^rcasses. 

by panel members who sampled cuts rom protein retention in the 

Metabolism studies indicate stilbes protein retained 

animal body. But there is little evidence ^ Lues-skin, con- 

builds more muscle; it might be used for other protem 

nective tissue, wool, hair, etc. , j jitives in livestock feeding comes 

Use of stilbestrol and some f ^er additwes ^ 

under scrutiny of the Food and and because of other 

Additives bill passed in 1959 by the 85th Congress, 

legislation. ^ . known to have more marked 

Other “synthetic hormone conip ^ progesterone and 10 

effects on carcass quality. A carcass quality in research 

mg. estradiol implanted in lambs g y (jjfficult to remove from these 
at three experiment stations. Pelts were jagreased connective tissue be- 
lambs at slaughter, apparently remained on the carcasses, 

tween the pelt and carcass. Some ° according to USDA 

The carcasses were less blocky, gr indicating the tissue probably 

standards, and shrank more in t e 

contained more water at slaughter. experimentally used in feeding 

A variety of other * e livestock read and appraise results 

all classes of livestock. When fee . j^r adequate information con- 
of such research they should loo information can the value 

cerrimg effect on meat quality, n y 

of the material be fully assessed. u jgj, inhibit or suppress the activity 

Thiouracil and other compoun several classes of livestock to im- 

of the thyroid gland have been ” jj,g theory was that these com- 
prove performance and carcass q nietabolism. and the steer, lamb, or 
pounds would slow activity an energy would be used for “main- 

pig would be quieter in the feed ■ pnish quicker. These 

tenance,” more for fattening, jgHy used, however. Levels that have 

compounds have not been cause the animal to be so sluggish 

been tested usually exert no e 

that teed consumption goes dowm^ antioxidants in swine rations to help 

Of current interest is the . p tat is softer and much more 

stabilise pork fat, fat- 

subject to rancidity than bee 

9.8 Pelleted Feeds switched to pelleted rations to mcch- 

Cattle and lamb feeders w and reduce storage space, have 

anize feeding, insure ^ concentrate feed faster and produce slightly 

noted that animals often ^ gffect is especially true in Iambs where quick 
higher quality carcasses, ’‘ giy important (Table 9-4). 
finishing at light weights is e 
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Table 9-4 Effect of Pelleting Rations for Lambs* 


Non- Non- Non- **’''*' 

pelleted Pelleted pelleted Pelleted pelleted Pelleted 


Number of lambs 

37 

37 

31 

31 

35 

40 

Initial weight, lbs 

61 70 

62 60 

63 00 

64 70 

66 00 

65 10 

Av daily gain, lbs 

0 45 

0 46 

0 40 

0 44 

0 34 

0 41 

Feed per lb gain, lbs 

8 56 

8 05 

9 20 

00 

9 83 

8 55* 

Dressing per cent 
Carcass grade 

50 60 

50 70 

51 30 

51 90 

50 90 

51.80 

choice 

20 

28 

26 

27 

14* 

19* 

U S good 

17 

9 

IS 

14 

21* 

21* 


i \ T, . y^gr t.xp sra utac Pub 31 34 and 43 

tBtimated irom flgurea given 

Fatter lambs, which grade higher, will have a higher dressing percentage 
ecause t e at is part of the carcass, and because they are more sym- 
rnemcal the percentage of pelt, shank, etc , is probably less 
be of roughage in cattle or lamb rations mnuenccs the value to 

rations^ ^ benefit is denved from pelleting high roughage 

9.9 Pasture 

reduce fatt^nufs^rate P^isture is to reduce energy intake and thereby 
panson to dry lot feeding usually reduced in com- 

daction is influenced by the quTutrand'f 'h' =>"'<>“"• “f "• 

energy is also lost from produLn beSL The""' 

the pasture occausc the animals use energy roaming 

canVeaUno^hTobtM suffir'*! some nnimals 

Supplemental concentrates and/or"dw S 

generally lower in energy than itnll^ provided Legumes arc 

legumes do, however, supply ™®onL“ f" fn«nn‘n6 

legume mixture provides excellent paLre n??'’ 

more, m addition to providing a more ‘ ba1 ® “Iso often yelds 

Pigs consume relativelv luir' , 

Similar pasture is available ihic quality alfalfa or 

Naturally, pasture raised pi^ „,|| ^“PP'ymg protein needs 

this type of production versus ^ j leaner, but the economy of 

sor^umontheland must be closely Showing com or 

Cattle slaughtered dircctlv “nuked 
tut especially m early summer whe yu”™ uolorcd 

S°r unused by yellow pigracnts—S^^ 'P>''n yu'>°"' 

They are not obvious in groCn r^T"" “'hur^m the forage 

green chlorophyl This yellow cofor doS’notTnT "’'V' 

fluence flavor, aroma, nutn 


3 
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S.„, „ .n, o,h=, V «!««- '"r'St.;; 

USDA grading standards. However, some consumers, and 

retailers, object to this yellow color. animals to 

There are individual and consumption, 

convert these yellow pigments to color a„ teen on 

so variation exists among J., are carried and stored in the 

pasture. The pigments are fat-sol , 

fat. A more golden or yellow-tinged milk from some 


has the same cause. 



THE BUSINESS OF FEEDING 



Livestock feeders are in business to make a profit In normal 
years they expect a monetary return for labor, home-raised 
feed, capital, management ability, and risk they assume 
feeding is often only a part of a general farming opera- 
iisiiallv a the particular feeding enterprise are not 

■' hout'y return for labor In 

eSv toerL'meH®F‘T‘'°^^ <>' ^ 

costs if thev erne •"’“"S’l' ttotnment that they “ignore labor 

pnres al^oSbt ih^^' "tcre other enter- 

ized feed lot ooeiatio ^ Umble, though not praclical In a special- 
“m muci fast^m ree?'' "" 1“““'*' “ f'tisiblet Labor costs have 
“to receive (F-Ptre lO-I) 

ance of the feedme onarai sufficient To justify continu- 

labor must be grenfer m that’nart *t" agnculture the return to 

project enterprise lhan in some alternative 

grams and ruu^ges are 8"”™ 

stock than If sold direct on a cash \ F"“ 'broiish Uve- 

Itvestock feedmg programs the return J^r buAerf 

feed bins, bunks, feedmg equipment "'"^'’^"ested feed, lots, buildings, 
feeding operalion should reto the 

the operation, and perhaps some for th borrowed to finance 

Ptofits The ability to 

nou^ ProtabSy te 'T- *= "8ht place, and at 

a ^°™“'ation of economical, adeoume* P't" °f nianagemcnt Selec- 

ra ions IS likewise important 
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Farm Wage Rates Rise 

and Fertlliier Prices, Slower Than Real Estate Values 


7, OF 1950 ' 

1801 


Farm real estate vqU»es 


'Form wage rote^ 


machinery- 

~_~_ljj^^^Fertilixer prices 


,t #4f» 


rCOeOMiC lOO'CH tcitoci 


I L OtPtlTatHT OF *CtieuVTW«« 


MntG labor cost has increasea more rapiuiy 
Flsure 10-1. Changes in miens the relative advantage of replacing 

than cost of power and , may have increased in recent years, 

labor with power equipmcttl on 


ntrnl sumcient shelter, and a variety of other 
So are sanitation, disease con » nerformance must be avoided rather 
items. Stresses which might imp 

than cured. consistently compare his returns for labor. 

Any livestock feeder might expect for these items in 

teed, and management with 
alternative enterprises. 

10.1 Location . ^ i„ various areas of the United 

Though distribution oi economic impact of animal adaptation for 

was discussed in Chapter 1, and climates feed lots and pens 

the mdividiiai feeder was no jjon't reproduce and spread as 

are usually dry. Since disca jcj, prevalent and less costly to 

rapidly in a dry on feed there is less foot rot and there are 

feeding operations. In . noroially would compete with the liost for 

fewer internal P='”‘‘'’‘^^'e(] cITicicncy. 

nutrients and cut dow n ic n,iiferalion of disease organisms and para- 
Humid areas arc idea counteracted and controlled, preventive 

sites. Though the diseases can oc 
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Livestock feeders are in business to make a profit In normal 
years they expect a monetary return for labor, home-raised 
feed capital, management ability, and nsk they assume 
ivestoc cc mg IS often only a part of a general farming opera- 
^ P^^^'cular feeding enterprise ar^not 

soeciahzed fLd ’ calculate an hourly return for labor In 

costs if thev exnect * Miig'y comment that they “ignore labor 

pns« a!e nrofiS 1 '^hcre mher enter- 

ized feed lot ooeration^ ^ ffosibte though not practical In a special- 
men mucifast« 1“'*“**® Labor cost^have 

ance of the feeduiff nTv.™» ^ '* sulTicient To justify continu- 

labor must be 8.e«erm,harpam™to”S^^^ asnculturo the return to 

project ^ enterprise than m some alternative 

grams and roughagesTre 

s'oek than d sold direct on a casl."markn 

livestock feeding programs ihf „■ 'V'” y“rs and with certain 

feed bins, bunks, feeding eqnl^TOnt 'etc *’“‘“"’8^' 

feeding operation should return ih? int animals The 

the operation, and perhaps some for ““"'y borrowed to finance 

“'“-‘bt’St'L™at!a^^^^^ profits TTie ability to 

P"“— IS protablv the "8*’' P'noe. and at 

omiulation of economiMi •management Selec- 


economicaL adeaulte •management Selec- 

•ons IS likewise important 
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fficient shelter, and a vanety of other 
So are sanitation, disease contro , ^ be avoided rather 

Items Stresses which might impair p 

than cured comnare his returns tor labor. 

Any livestock feeder he might expect for these items in 

feed, and management with the return he mign 

alternative enterprises 


10 1 Location 

Though distribution of lives impact of animal adaptation for 

was discussed in Chapter 1, gnj climates feed lots and pens 

the individual feeder was not s reproduce and spread as 

are usually dry Since ^^rl ts^p^v" and less costly to 

rapidly in a dry cnvironmcn . ,hgre are 

feeding operations In catue gompete with the host for 

fewer internal parasites which normally 

nutrients and cut down feed c j,sga,;e organisms and para 

Humid areas are idc P , „g,gd and controlled, preventive 

sites Though the diseases can oc cuu 
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measures — concrete floors, ventilation, careful cleaning, and disinfecting — 
cost money 

Temperature extremes are costly in feeding cattle, lambs, hogs, or poul- 
try In hot weather feed consumption goes down, so less of the nutrients 
consumed go to gam Prolonged hot spells can be very costly, and air con- 
ditioning IS expensive, though some cooling can be effected without great 
cost (Chapter 12) In very cold weather animals (especially non rumi- 
nants) use up extra energy just to keep warm This may sometimes be 
cheaper than providing artificial heat, but insulated buildings are often a 
good investment for hogs, poultry, calves, and lambs 
Proximity to feed supply is important, especially with ruminants which 
usually receive a bulky ration and also require more pounds of feed per 
pound of gam Although movement of feed for any species represents an 
expense, examples could be given where it is practical to haul some of the 
ration ingredients many miles so that a broiler, turkey, or swine feeding 
e^cially ^eap ^ favorable, and region or where labor is 

markets and consumption centers is a consideration, but not 
to move closet to™*'/ ^ factors have caused meat processors 

tion allow movamont'^ trciug areas Speedier transportation and refngera- 
spoilaee When an °i “r cuts long distances Without 

m a railroad car or truer A'larre'* *>= Packed very compactly 

the feeding areas of iho M a "“nrher of packers are scattered through 

to large commercial cattk fcrft^ardt mQ.f’'*",!' ’’x''* 

y US m Colorado, Texas, and other states 

10 2 Financing 

mveiimcnlj m land, bml'Angs®'^”, bunkT"" permanent 

mortized over a penod of veai^ items can be am 

feeder needs a fair intcres/rai*. ^ depreciate slowly Though the 
i^pay the capital the first year investment, he needn’t 

mg operations, especiallv with hr^ ® major expense in most feed 
o d swine The poult, 

i^'eight five or more tunes Fnr ow ’ i increase the initial 

40 pounds and fed nil slaughter at^fin ^ P‘g bought at 35 or 
pro^rtion of the total mvestment m thi. represents a larger 

faciliucs, or other items ( 3 ) Co« ni lU animal than initial cost, 

pense m cattle and Iamb feeding When ft ^ relatively greater ex- 
pounds. fed, then sold for slaughter at purchased at 450 

pnee IS often used to repay the tran, pounds, half the sale 

of the feeder is even 7ca.c'r'~r™H°r'?^“ f-dcrs'c“ . 

» h lambs, where feeders are 
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bought at 65 to 70 pounds and sold short^feed before 

other example would be heavy cattle bo g ' . mixing, and feed- 
slaughter (4) Operating expenses— povier Sn n,arketing costs 

mg, vetennary bills, normal death loss, ^ small percentage 

-must be considered Though they usually represeM 

of total investment, they still “add up andmus need for 

Few feeders finance their own operations ^ Ex- 

credit Most depend on local banks and len mg ® ^ pn reputation 

tension of credH by these lending ;frd msponsibihty, the 

and experience of the feeder, financial ^ In a typical 

outlook for a good or poor “““oO he"ad, banks may loan enough 

cattle feeding operation involving 50 to / ^nmicrh feed and capital 

money to buy tL cattle, P^v.dmg the te^ 
for operating expenses Deviations from 

vast that space does not permit a thorough iscussi supplements for 

Feed companies, which furnish “'"P ^ ^mers Hatcheries may sell 
home grown feeds, often extend credi j mand payment until the 

broilers or turkey poults for J*" equipment for the feed- 

birds are sold Some companies go furthe , . , n,ust naturally be 

mg operation on a deferred payrnent P ® aooarent to the feeder or 
charged for such extension of credit, w .„uect to pay a higher interest 
’ hidden" in the stated price Feeders shou P j oreatly of their own 
fate m such situations since are carrying most or all of 

capital and those who have extended th j-.-ncced further in Section 
the nsk These types of credit programs ar 

h Thouah he may be financially 

A good manager makes good ^ spends the money judi- 

sound and capital or credit easily aval > ,u make money The 

eiously He knows where and when w spe ^ supplement 

purchase of good feeders that will ’ j vaccination, when war- 

Of ration that will do the ’una disease are examples He 

ranted, for shipping fever, cholera, or examples 

also knows where and when he shou ,„ment than is beneficial, build- 
eould be cited, including feeding *'**1*1 j v„ii provide optimum shelter, 
mg an expensive bnck bam when “ P° ® ® ’ (jiur use tor the labor 

or buying labor-saving equipment when there 

'saved ” 


lOJ Costs of Gains . 

„ ill feeding operations, factors vvtiicn 

because feed is a major expense Heteminc profit or loss Vana- 

mnuence efficiency of feed "" "Z „crc illustrated in Sections 8 4 

"oas in inherited ability to gam , f j preparation (harvesting, 

“r"! 8 5 Other important factors are cost of feeu pr p 
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shelling, gnndmg, mixing and/or pelleting), weight and relative fatness of 
animals, feed wastage, and certain environmental stresses such as disease, 
parasites, or extreme temperatures 

Feeding cattle on pasture eliminates the need for harvesting forage 
Though the cattle expend some extra energy m grazing, this may be offset 
by elimination of the harvesting cost In other cases, however, feeders have 
found It practical to chop forage daily and haul it to the lot for feeding 
This IS done not only for fattening cattle, but also for daiiy heifers and 
cows Though the daily task of chopping requires considerable extra labor, 
annual forage yields are usually much higher because the cattle have not 
trampled down the forage The higher palatability of the freshly chopped 
orage may justify the daily chopping, versus harvesting the entire crop at 

one time and stonng It in a SLlo or bam 

Cost of feed preparation can vary considerably, depending on volume, 
^nV “ “J""® and efficiency of equipment For ex- 

mus i;,; sTr «> g™d com for steers on Ld tf the com 

later scoopeiTinto'^thrh lector-powered gnnder, and 

light hoES followinv ih especially tme it there were 

Iht' - >0. .0 sa,vag= some of the com 

into a meter fed Snder freomnna J ^ by gravity 

to storage adjacent to the feM k attendant) and be blown from there 

repeatedly shown less com is n«ded ^ T' ® 

usually additional com is saved bv shiMcd, and 

ems Cost of shelling, gnndme. and m. 

m relation to the cost of com M should be considered, however, 

utilization is most practical wki.n * trough preparation to insure better 
Heavier and fatter ” 

(Table 10 1) Note that the averagTLwTa^* more costly gains 

[wunds, then gradually declined T ^ ^bout 175 

however, so that more feed wa^ rnn ^ j consumption continued high 
two mam reasons (1) The heavt#. P®*" POund of gam There are 

for maimenenec-for movement, dnnW^u ="“®’ 

<1, etc (2) Each addiuonal pound of®’ *hc bigger volume of 

hogs contains more fm Since fat'^ntains the heavier 

' r.* '""S' P°“"d us 'r one quarter times 

nerded to form fa„y ,.ssue “''^'^'drate, more energy is 

so, atty tissue is mostly fai, while Im protem tissue 

c Holer m addition to protein ” muscle tissue contains consider- 


Resuturs^veXr'''" 

mdicale lean hogs gam ■>' 


efficientlv n* evaluation statior 

res Hhose carcasses were lean cnou^ ?"= "■= «3 pairs ol 

classed as “supenor” con 
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Table 10-1. Gains, Feed Consumption, 
pound Increments* 


Weight Av. dally 

Increment, lbs. gain, lbs. 


75-100 

100-125 

125-150 

150-175 

175-200 

200-225 

225-250 

250-275 

275-300 

300-325 

325-350 

350-375 

375-400 


1.00 

1.39 

1.47 

1.73 

1.60 

0.94 

1.60 

1.64 

1.55 

1.15 

1.12 

1,03 

1.13 


and Feed Efficiency of Pigs by twenty-five- 


Av. daily Feed/cwt. 

consumption, lbs. gain, lbs. 


3.24 

4.94 

5.58 

7.20 

7.92 

5.48 

7.02 

7.35 

8.47 

7.52 

6.81 

6.37 

6.57 


323 

357 

399 

416 

493 

583 

437 

446 

546 

653 

579 

617 

582 


•Wm. J. Loeffel etal., 
are normal and may 


ia4'4 Nebraska. Deviations from trends 
be ol day ;a.ma.a were weighed, brother faetera. 


j b-n A fped oer 100 pounds of gain. Pigs whose carcasses 
sumed 337 pounds o ^ of their litter-mate boars gained as 

were too fat to ^ ..j 350 pounds of feed per 100 pounds of 

fast, on the average, ^t a number of swine testing sta- 

gain. Such a dp^ence be- 

CS t ^aX pr^dthenehll Lulation, so the fat pig ex- 
pends less energy to keep warm. 

10.4 Margin 

„ •-« not synonymous with profit in livestock feeding. 

The term ^ ,be dilterence between the purchase price of 

Instead margin is defined a 

the feeder per pound or pe example, if a 700-pound steer 

the finished animal ready ^27 per cwt., 

is purchased for $25 per c 

the margin is $2 pc ■ applied to the 700 pounds purchased 

^Shu^/a'SrofsHTo potent! profit that might resu.t from the 

feeding operafio"' j^me from producing gain at a lower cost 

Any addition p _ gained 400 pounds 

iwr pound than th P ^ . slaughtered at 1 100 pounds) at a cost of 
during the f«‘>2„rot gai" profu from gain would be $20. The 400 
22 cents per p higher than the cost of producing it. 

[rounds of gai ■ operation of this one animal (ignoring marfcct- 

Total profit for the ^ ‘ Uiercfore be $34. $14 from •‘margin" and 

ing, transportation, cic.,; "w 

$20 from “gain,” 
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Take a look at a second example A lamb feeder near Roswell, New 
Mexico bought 2000 feeder lambs averaging 60 pounds for 19 cents per 
pound He sold them at 105 pounds, average, after about 80 days on feed, 
for 20 5 cents per pound Here the margin was 1 5 cents per pound and 
applied to the 60 pounds purchased So the total margin realized on the 
2000 lambs was $1800 

Margin can also be negative, deducting from profit or contnbuting to 
loss in a feeding operation In fact, when feeding pigs or especially light 
ca ves, a negative margin is expected In these cases the pounds bought, in 
relation to the pounds sold, is much less So a positive margin would not 
1 ? "i 1 “ “8"™ "’“'■ein not as senous The animals are fed a 

donwTd'' ™>Sllt IS more than 

means tl,«i V f<™r to five times All this 

imnortant Ilia ^ °} relation to the selling pncc is much more 

Rememrr C Pucc 

be more than th° **" ( ° P‘r pound must logically 

?^.rrbe=ause thecal ", -“"'■"/comparable quality 

Sm„‘/he cow (oVete “t: "S ""f 

-must be met by fewer pounds s’id In fM h ' “"8 ' 

for 35 pound to 40 t a 3 

bogs per pound (Secnon 8 19) “ slaughter 

profitable wnhhogfor^hrratVBe'"^ h"*'”® 

be relatively efflaem in feed ^111,1,0^00^ 
calves can utilize much cheao forann ?i, 

purchase in the fall calves are off be wasted After 

stubble fields until “snow flies” so ih«'''"’f'* “■"■ ""■* 8”‘" 

A young farmer in Lancaster Co„n,'"'n ^ cheap 

500 pound steer calves for S31 Pennsylvania, bought a load of 

stubble and new seeding then full'h.H'™' “wintered’ on oat 

finished on corn They sold ai Qon "" c°™ silage, and were eventually 
margin of $2 per cwt on the 500*!^" a cwt The negative 

Iks'’ T he young feeder fed an econ^.r'^? purchased contnbuted a $10 
only 21 cents per pound ($21 per cwt 1 P and gam cost 

minus the $10 negative margin per head^fi^ gam— $32 per animal 

^ " ’^Snonng miscellaneous expenses) ’ pc'" 

rattle feeding o^rations.^d^ndmg on 

of feed IS ^rade of feeders, 

nlk toflucnce the margin needed wiih^t^'*^^i’ 
mare efficient feed utilization than deeding programs Natu 

tn^rgm required for profit here would lower the 


HOW TO FIGURE SELLING MARGIN NEEDED IN FEEDING 
Copyright 1946 by Iowa State College 

METHOD; Lay a on^ta coaVo^^^^ ^htt 

lag. Place the edge on ‘'‘® iml shows the selling price needed to pay 

where the ruler erosses «'® ^Zl death rU. 

feed costa. Interest on cost of fe psatm-e costs have been 

OTHER FEEDS. In these charts, ^ 

figured at their normal relation to corn prl 


Price of Corn 

Cents Per Bu. 

Selling Price * 

450 lb. Calves , 

Choice Stee 
120 , 160 

20 

1 1 1 ' . . . . i- 

rs 

^^^200 

240 280 320 

.■.l,...l,■■■l■■l■ll|^|ll ml lilt''—*""’ 

30 

40 

650 lb. Yearlings , 

20 

. . 1 1 1 • • • ' * 

30 

f ■ 1 ^ 

40 

, ■ > ■ ■ ■ 1 ■ < ■ 1 ' 1 ' 

non tva o_v». niHc 

20 

. . . 1 . 4 ■ ■ ■ i- 

30 ^ 

40 

Cost of Feeders 

-r-r: r — tt— 

t"'!" ' ‘ 1 

28 

32 36 40 


Dollars Per Cwt, 


.N„d.4 w r.r ••'4. -"iri."' tt Is v-n... '-4 •" «■“ 4»o r«“4. v 


FEEDING PEEIOD ''4 “ 4“” 5ii ~»4.. 


Price of Corn 
Cents Per Bu. 


80 


Medium Steers 


240^ 


Selling Price* 
400 lb. Calves 



Cost of Feeders 
At the Farm 


I ' I ' I ' l ' l ' I ' I I I I I ' 1' 

28 32 36 


Dollars Per Cwt. 

•M.d«a to P«r Mto*«l»J00f«oo-d. u 

rtcntsc PERIOD 

.v.„ f i..w1»ef°f~4.- 

„ ,• .N, ..ilinc pncc that will be ncccaaarj lo “brcat cacn" 

Flsnre 10-1. Ho* lo f'Cnrc <hc sell ng r pn„ equal, ncccvdo imrpin 

fctdmR ciltlc Necessary selling 
(lo^Aa State Uniscrsit)) 
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10 5 Performance Knowledge 

Most good managers know what it costs to produce their product, 


iviusi goou managers icnow what it costs to produce their product, 
^ product be baseballs, automobiles, washing machines, or wie- 
ners ey can show how much each ingredient or piece costs, the amount 
qua ity of labor needed for each manufacfurintt ct«»n unA rv»r- 


y ^ tnuch each ingredient or piece costs, the amount 

an qua ity of labor needed for each manufacturing step, and the per- 
centage rejected at the end of the production line 

Pr°<i>'ction, knowing the 
feed effiaenev "f ° ft '''“dhwhile Great vanations which exist m 

iaHe nv^lm “ =®““' " “-^ffictent A scales ts a wise and 
prOTtable investment on most livestock farms 

Ike^am mo^apu?;: k^fpe^^ •“ ''“P- 

by knowing the rapacity ot^lagons b “a 

m 10-pound or loipound memre’nu a„H"b 

batches that are muinples of 'a ^ "^'"S "> 

helps prevent mistakes Pounds This simplifies calculations and 

and other Items— ^reworthwhde^*~^" ''^•uo"oty expenses, 

Many feeders routinely ueieh % 
farm and finished cattle lamh< 'vhen they amve at the 

market They soon g^n an aporeai^:^ *hey are loaded to head for 
difference in shnnk between the feed that occurs in transit, the 

tain factors which influence shrink ° vanous destinations, and cer- 

10 6 Value of Manure 

10-2 shows the appro°/.maTe''^^„* “P'™"’" is the manure Table 
PO-ids of cm, cal soil „„,nenu contained in 
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do indicate U contains f J because digestion and absorption 

Sor,S! -rr s,>,sx”js> 

livestock tissues when 1,000 Busneis 
excreted in the feces and urine. 



r.OOO BUSHEtS OF 
CORN CONTAIN 

1,000 lb. N 
170 lb. P 
190 lb. K 


250 lb. N 
34 lb. P 
19 lb. K 


RHURNED IN 
MANURE 

750 lb. N 1%) 
136 lb. P 1%) 
171 lb. K I’/io) 


• na excreted when com is fed. Multiply the pounds 
Figure 10-3. Nutrients retained and excreieu ^ commercial fertilizer sources, 

of each nutrient by the price of th a bushel of corn contains 10 to 12 

Such calculations often indicate "’’‘"“If _,,„ure must be considered, however, 

cents worth of nutrients. Cost o spreading the manure 
(New Idea Fann Equipment Co.) 


vi„mWp labor and expense involved in hauling 
There is, of course, elements may be lost it considerable 

and spreading manure. Also, som 

time elapses before the manure « ^beaply in the form of com- 

Soil nutrients can usually be p encouraged numerous livestock 

mercial fertilizer than ^ i,s” where manure decomposes under 

raisers to build "lagoons or smog p . ,p. „ joa-, 

water and the cost of spreading IS cimina ^ disposal plants — 

Manure might also be han kd resulting production 

decomposed by bactena ‘n for heating the livestoek build- 

of methane gas. The gas can be removed periodically from the 

mgs or tor other functions. ^ fertilizer. It contains cs- 

decomposition tank, is ‘ and potassium, but is tremendously 

scntially all the nitrogen, phosphorus, i 
reduced in volume and weight. 




Figure 10-4. A manure la- 
goon for a large hog feeding 
operation m the Midwest 
(National Hog Fortner) 


tain.ng good sod strac™re!'m'S''l!’'' « important for main- 

der larger quantities of cron afi.™ .1.*“'’'’''"*' ■’“waver, by plowing un- 
aan result from larger yields stalks, legumes, etc.— that 

Manure should not be snre.a „ 

reduce forage consumptioa. " currently being grazed; it will 


10-7 Specialization 

TOrVh”°“* “ ”“"™aars‘"NiTu“\r^ asriaultural enterprise 
incre^Vs”' T "‘"■'"“y ■’eing ovenhad’ disadvantages, 

CooipeS isTeS; '*'“«• 

'’as grown rapidly, 

? ™er®or? h" P™die« am f "a' “’'caP 

h-™n emn ™ produrtion ™ "arrow margins 1 

Therl'^is Profitable at the "ad become more cfflciei 

mere ,s more technical f prevailing 

ers,Tor c™mple, murtt'" each enterf 

asiiav dome rU “"“rned with suew'.’^ considered Cattle I 
(shelled or ear, hXr^;i°,''„‘’^'"*> " as silafe™ oVb ^dr 
ins sliibcstrol, including mow ” "s fihge ,3 e"? ' 

6 motasscs, sulfur Vi., • ’ feeding or imp 
’ nun A, urea, enzymes, 1 
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auilizers and/or goitrogens in their feeds; (4) feeding rations by hand 
self-feeding free-choice, mixing, or pelleting: (5 ) length of feeding; and ( ) 
selling on a live basis or by carcass grade and/or yield Hog raisers and 
lamb feeders are confronted with as wide a variety of problems-some prae- 

tical and some highly technical. _ -.itpmatives 

It is important to know not only that certain of the above alternatives 

• t- 1 L nri if un altemativc should be followed in a particular 

exist but also when and if an aitemauve snu . . , ^pw 

livestock operation. Unfortunately not all that is printed o”a.d atou new 
developments is true, and much that is true m ™ 

not be true in others. A competent manager must be able to sort out that 

which he can use profltflfely- , tpmnpratnre 

We have learned to combat and control stresses, such as temperature 
we nave leanic a^eases with heat lamps, farrowing crates, 

extremes, iniury, and certain diseases w , . huilH- 

sheltered feed bunks, artificially cooled or heated and y 

justify investment in expensive '^bor-saving equipment hisjqmpment 

mu_^be kept busy. This encourag^^^^^^^^ 
criHiradng auTare willing to pay for high quality 

over-fat pork, heavy lamb cuts, and lower qualities of beef. Producers and 
Figure 10-5. A mechanized are stored in 

.h“\ui!LT ahoJe ° 

Smith Corp ) 
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processors who specialize can pay more attention to quality A hog raiser 
with 100 sows, small groups farrowing periodically, can afford to pay much 
more for a good meat type boar than can a fanner who breeds only 10 sows 
twice a year Raisers become better acquainted with the type of animals 
that can produce high quality carcasses, and can afford to pay more atten- 
tion to feeding and management influences 


10.8 Contract Growing and Feeding 

Earlier in this chapter it was pointed out that a livestock grower or 
feeder should logically expect a monetary return for his labor, home raised 
ee , capita management ability, and the nsk he assumes in his operations 
ee IS considered a part of the capital, it is evident that the same kinds 
of returns are expected here as m any business 

oroviX^ psrty— feed company, hatchery, packer, or farm manager— 

receive an essential items, they should expect and 

growme andVcH return for the items they provide Contract 

fh,5 economic pnn^Ic mtcgration-.nvolves 

PrfiV.«W„l j-.j. . . _ 


- o - - yjL I 

this economic pnnciple o— — - 

hypothetoUxamolc w arrangements exist, but one 

Kansa, rlmcTL yeer-old farmer tn eastern 

land that is high in fertility "‘I''" rents a good half-section of 

1 . . . an in lertility, so he can raise nlemv „r n— „ ..j He 


land that is high in fertility soV*" ° half-section - 

has a good line of raachinjA, h 6'^'" and forage He 

(because he has learned te^ heavily on it He wants to raise hogs 

and because the Cl„Vo^„““^^ for more through livestock 
the winter months) but his baldT '^ll* employed dunng 

a herd of gtlts. self feedera wme ” to give him a loan to buy 
meat fora year The banker f^Mhe mkf’" 

man has little experience hav,n. * because (1) the young 

'sas raised, ( 2 ) he is alre’aL ''’■ere no livestock 

doesn't look especially proLblfaJ r*" <3) hog raising 

farmer has the following essenlial apparent this young 

homrmedUed and a minor xWe'^r “ ’■''estock enterpnse labor, 
hich to set the buddings, and nrohaW “P'^l Hems (rented land on 
not have manasement ability, or comm / 1 u “"d Iractor) He does 
mgs and equipment ’ ’■■■ hogs, protein supplement, build- 

1 tic above situation 

others enter into nuracrous"opc''rai',o1!l' ’"d companies, packers, or 
^'ide management ability ^eed n ’ype on a contractual basis to 
^=y naturally expect a p/oh? „ "f ‘he other needed capital 

taoner Apparent is the faei L l^f™ ™ ‘h=-r “inputs." as does the 
grKment until each is satisfied that it has to enter into a contract 

As would be expected ih, “ “> him 

>-«'d. the part, „ho eontnbu.es teas, to or risks less 
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in the livestock operation, probably makes 

depends on the terms of the agreement, bnt usually f 

most of the capital Items makes the decs.ons on what to feed, when 

where to sell, etc. broilers, laying 

Many simdar ‘ ^ penuit detailed discussion of 

hens, hogs, catUe, and lambs. Spa^ P generalities which 

each species or variations which exist, bu 

should be mentioned. j,,,!,.™. 

Contract growing and feeding has been practiced where . 

™y ar^pe^e 

their home areas even with low . . -j-jm!. So do many others 

2. Capital is lacking. Most young farmers lack capital, o 

who want to specialize n,ight be a young, married 

3. The operator wants ' ^ one in semi-retirement who 

farmer who cannot afford risk, op f 

4. s^itnd "nroiti^" 

Those companies who have entered contract agreements have done so for 
many reasons, such as; 

1. Help sell fee,. Most feed tmcf^ 

feed be used exclusively for « packers, poultry processors, 

2. Produce a uniform ^ P ^seasonal peaks and valleys in receipts. 

and egg distributors want t d ^ rate. So contracts in- 

They can operate more elTi cnuy ^ production and marketing, 

volving these “S/oiioKty product. This may be accomplished 

'• b;t“eeWinr«rm;n ^ stock, breeding programs, and marketing 

weights. such as sale or lease of breeding stock, sale of 

cst rates higher than that paid for the capital. 

The items mentioned above arc not exclusive to contract operations. 
Other points be 

VertiMlintcg j Stales from almost the beginning. It is an 

mobile ''^^Vhe Icgmcnts of the food industry as raising and 

accepted part of otor vegetables, and pop com. It Is a 

nmSc epirdc In the drama of ever-changing agriculture and industry 
in a democratic economy. 
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The hentability of prolificness is low This means that differ- 
ences among animals m prolificness, on fanns and ranches, 
nf caused nearly as much by differences in inhentance 

ab<;cnr»* "TV ^ ‘differences in environmeni — nutrition, presence or 
Chapter 15 ) possible mechanical injury, etc (see 

m cowl‘1«r',nr“,f ">= reproductive tracts 

or pretent reorodiiS * *"’*'*’ *r°®rs) which inhibit 

so the muraals are solVtL ** relatively incurable, 

spcciahst, they are not d.sL«d"ftte,®r““ “ 

ca°”u1y”A h™ raaL''™"r h='P Pr=ven. mechani- 

not hate to ciavl over a hieh'd'"^' 7' farrowing do 

andb,cdev7ar7kept « ' ™>=r. or shelter They 
vrctc floors around fKdcra and Pro«oancy Rough con- 

■njuiy by falls, sihich could causcTmh'"' ‘*“7 ‘ f°”'‘”S.” reducing 

Temperature and season mflt ryonic death and abortion 
^rraasc sperm production, mouhiy w '”8'' "mporoturcs 

This may be caused bv hioii -« '^gor m rams, bulls, and boars 

or might result from infection temperatures in late summer 

niosl ewes do not ••Mm2'i'n'w’2' oommonly believed that 

7 of ".e fall This is itii7 

recent years that fertility of tli. " "^oy cases, but it has been learned 
E rater .„h.bm„g,i,„„™' y”f<Jr «n, earl.er m the summer may be a 
*n renas exist Dorset 7es '"r Agam; breed 

bre/dunn*' 7" other brre*7 ®°rset ancestry are 

f'a'nt.o72V2”'’™®“"‘‘™"“”" ° 

and da.m ^77 “LTetmnT^f'^^’ both the potent, al 

bealdt, and I.vabth^, arc mfloeVecd by 
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previous anti present “^j^s^bit^to’'mftrilio^^^^ 'influences, 

ing periods, can be affected. 

11.1 Critical Nutrients 

T- o..v,r,VsvHrates and fats — are sometimes critical, not 

Energy “urces— carbohydrates ana ^ 

because they are inadequate but be true for bulls, 

and the ewe, heifer, or gilt is too fat. Th 

rams, or boars (see Section 11.2). accessory fluid formation in 

Certainly energy is needed for (Section 11.3) is 

males, and ova ^be%nergy in the diet several weeks before 

breeding to encourage maximum ovuatm^^ inadequate in some ra- 

Protein is a critical nutnent, be y breeding stock 

tions. This is especially tme m and mnge^-u 

may receive only dry grass jj^uJ^^bich results at conception and 

Sperm, ova, and the ^ primarily of protein. Epithelial cells 

develops in the uterus foductive macts are protein in nature, 

which line the male and J nji^s, carry the sperm; col- 

Viscous fluids, containing semen. These fluids provide tempo- 

lectively the fluid and sperm m ,ife. Fluids in the female 

raty nourishment to the speim, n^ds They help reproduction by 

reproductive tract „,ing eventual union of sperm and ova. 

lubncating the tract and prom 

Hormones which control initiation of sperm 

are composed of ^ ovulation, and also help maintain preg- 

formation, ova production anu .a 

■ A - critical because it also plays a role in epithelial health and 

I tiamin A is cntic o,nin, it may be scarce if breeding animals re- 

integrity and „d bays, or grains low in carotene, the precursor 

ceivc only Trirrn helial tissues which line the reproductive tracts of 
of vitamin A. These ^ P ^ deficiency, become dry and hard, inhibiting 
both sexes may, ‘ yg^ent of sperm and ova, and preventing efficient 
fluid production ana mu 

implantation of considered a critical nutrient in reproduction bc- 

P/io5p/iori/5 p .-ncy in many grazing areas where cow herds and 
cause of the son acnwiw j 

sheep flocks arc mature animals arc needed by developing 

All nutnen s jomc general functions arc being performed. Except 
cmbr>’OS situations, other specific nutrients arc not considered 

in certain arc< normally adequate in typical rations, 

critical because tnc> 
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11 2 Gro\v1h and Development of Breeding Stock 

Farm animals that are extremely fat tend to be less prolific Though po- 
tential fatness may be mhented, the realization of this potential — getting 
the animals too fat — is caused by too heavy feeding Gilts, ewes, or heifers 
that carry too much finish may release fevier ova during the reproductive 
cycle and if conception occurs, fewer of the embryos may survive during 
pregnancy The reasons for decreased fertility are not completely clear 
Because extreme fatness may impair reproductive efficiency, many 
breeders do not exhibit their breeding animals in major livestock shows 
after they reach breeding age In the past, competition and judging criteria 
have encouraged showing beef heifers and ewes, as well as bulls and rams, 
m a rather fat condition, apparently to prove the animals had. and there- 
fore could transmit to their offspring the ability to fatten Actually, breed- 
ing stock IS selected on farms and ranches early m life while yet growing, 
so such shows represent a somewhat artificial situation And it is foolish 
and Embarrassing to show a supposedly top quality breeding animal in the 
show rtng then find the cow or ewe will not reproduce 

ErS 'll™'' '“‘*'"6 relatively low en 

clheSl^ =nough to maintain weight dunng the first winter as 
SiuetTllf cr^n" »?eEd,ng time, or sub- 

gXng m o7 mom'?®!, >«v=lr, m some cases 

readily but had more H ffi "'i' the winter, conceived a bit mote 

high levels gave less milk dl m calving Heifers raised at the extremely 

mudder secretory ,,ss„edun„g"/rottS^:t:.„^n“; « 

1-S PcpE„E, 

These arc top quality cows with ooLl^n^*' calves in a high mountain valley 
ett something you can t sein ‘ 
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More complete studies at Cornell University on dairy heifers have 
yielded consiLrable information on long time reproduction efficiency 
Study Table H-1 carefully, including footnotes 


mie 11-1. influence of Energy IntaHe from Birlh lo First Calving on Reproduction 
Efficiency of Dairy Heifers* 


Feeding level 


Medium 


High 


Measurements at puberty 
Number of animals 
Av age, mos 
Av weight, lbs 
Av heart girth, in. 

Av withers height, in. 

First service 
Number of animals 
Per cent conceiving at first service 
Services for first conception 

Performance to 1960^ 

Number lost due to sterility 
Services per conception* 

Av weight of male calves*, lbs 

Av weight of female calves , los 


23 

20 50 
634 00 
59 90 
46 90 


33 

79 00 
1 55 


0 

1 61 
98 00 
90 00 


23 23 

11 30 9 30 

583 00 631.00 

57 70 58.70 

44 90 45.60 


34 34 

68 00 58 00 

1 41 1 48 


3 6 

1 85 1 82 

96 00 103 00 

93 00 94 00 


•J T Re.d d UmrySc. 43 103, 1060 

‘Some but not all cows had completed eig ^ ^ sterile 

‘Figures do not include animals eventually diagnosed as 
*Twin8 and premature calves not inclu e 


C r , Uoufi was delayed considerably among heifers 
Puberty (evidence of first heat) J function of size than 

fed from birth at the low energy level, it was more 

1 R months of age The percentage 
All heifers were allowed ‘o '"®*® n lo.v energy ration, per- 

conceiying at first service 'V®* ht^« ^ ^^„,nes for first con- 

haps because they were older Average ^ 

ception was higher tor the ® ^hnt opUmum level of energy may 

quired numerous services Suchinditm institutions has shown 

vary among animals Similar resca 
betters fed relatively high levels of energy 

services per concepuon ^.fncient net reproduction 

Results of the study to 19 ^ relate cly low energy level 

among heifers fed from number of services per concep- 

rewer cows were lost because of st y,^ 
tion was less (even after removing 

of ^ics were similar indicates that breeding stoch being dc- 

The previous illustration s""P'> ‘ i,nli. not for fattening Rcia- 

''doped need to be fed only for adcq E 



166 FEEDING FOR REPRODUCTION 

lively low levels of energy Intake may delay physical and sexual maturity 
without lowering, and perhaps raising, net reproductive efficiency. 

The “low” level of energ)' in the Cornel! study was described as ”65 per 
cent of standard nutrient allowances” (sec Tables 7-1 and 7-2). Since 
there is much genetic variation among animals, as well as considerable en- 
vironmental variation — quality of feed, management, stress conditions — 
among farms or ranches where heifers arc raised, specific energy levels used 
in the studies presented should not be intcq>rclcd as recommendations for 
all farms and ranches. Continued research may, in lime, provide bases for 
developing such recommendations, for specific herds and enrironmcntal 
situations. 

The trend toward leaner hogs to provide leaner retail pork cuts has 
caused selection of leaner breeding stock and prolificness tn this species 
has generally improved. 


113 Flushing 

A common practice among sheep raisers is to increase the grain allow- 
ance about a pound per day for cues about two tvcclts before breeding, to 
promote oiralation and increase the number of multiple births. This is 
^monly known as “nushiag” and is often, though not always, bcncncial. 
TOen benefit does occur, it is apparently due to the increased energy con- 
Ih-n “n ? ^ expected, prolineness is more often improved when 
grata fed additional 

eiata,“ tallf by 'anting the ewes onto an espe- 

S dte'stSe ® is highly palatable and 

mostareTnVraiher^b*°*''^a-°^ maintained primarily on grass, 
probably accounts forte"D^'ni"t begins. This 

practice in sheep Hocks AlsT^r-""-’^ effectiveness of this 

nutrition, and management are “ bteeding, 

tional state is often the sharp increase in nutn- 

shall be conceived develooed determines that twins 

In cattle, howeverSnTn • ™ ® 

receMng a higher grain aIlnu,L!f Though breeding heifers 

in the season (Table 11-4^ cat • ***^^*^ breeding may conceive earlier 
Apparently other factors 




I greater influence in 


r'lusning has not bee i • 
increased selection of leatf ^ swine herds until recent years. With 
? potential breeding animals sometimes limited feeding 

^^'"j*’"®”fsUtsa„dsowsmaySwoXUT"”® 

I960; Zimmrman, D. R. « cL, 
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11.4 Pasture and Conception Rate 

Three years of research at the Ohio Agricultural Experiment Station has 
demonstrated that certain legumes, such as ladino 

foil, may delay conception in ewes (Table 11-2) and decrease the per 
centage that do conceive. 


Table 11-2. Effect of Pasture on Conception Rate in Ewes- 
Bluegrass 


Ladino 

clover 


Birdsfoot 

trefoil 


24.3 

35.2 
1.5 

66.0 

93.2 

125.3 
87.8 


33.5 

56.9 

2.1 

41.0 

84.0 
115.7 

81.0 


28.1 

55.0 
2.3 

31.0 
87.3 

114.5 

87.5 


16:703. 1957. and private communication. 


Time ot first estrus (days after Aug. 31) 

Time of conception (days after Aug. } 

Number of services per pregnancy 
Conceived first service, per cent 
Per cent of ewes lambing 
Lambing percentage^ 

Per cent lambs survi ving to wea ning 

•Paul H. Engle etal.. J. Animal Sci 

^ Based on ewes bred. i«,tr 

...A rtf tntal fiwcs bred, was markedly low- 
The lamb crop, ^ /“"“i/coDception among many of the ewes on 

ered. Also, because delay ^ ^ of they 

legume pasture meant the lam 
lacked uniformity. Many 

early summer when or birdsfoot trefoil did not conceive 

Many of the ewes on ladi ^,^ppi„g ,j,o growth ot the pasture, 

until after a killing frost h je„umes inhibited ovulation and concep- 

Perhaps estrogens present . ^ stilbestrol (a synthetic estro- 

tion. Research has sno decreased the number and size of 

gen) fed to ^ that lush, growing legumes arc high in cstro- 

dcveloping ova. It is Kno> 

gens and that estrogen co h 

after a killing frost. ^ observations of sheep raisers in the central 

The above ‘'“'“^hou^ewes gained well on good legume pasture, con- 
Unitcd States that, and delayed. Research in New Zealand and 

ception was often irrcg inhibited conception among ewes grazing 

Australia has ‘j an excellent pasture legume, 

subterranean do , a 5 ,urc on conception in cattle and hogs have not 
Influences of leg reasonable, however, that estrogen activity in 

been demonstrated. « >5 

such feeds may exert some effect. 

11. S Pregnancy 

relatively liigh '=«> “f feeding just prior to breeding is im- 
Thougn a nnima^'^ *r» Insure nroduciion and rclc.'isc of many ova. 

portanl in all l.irni 
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continued high level feeding after conception may dccrecuc embryonic sur- 
vival 

Nutntivc requirements for early fetal development in the sow, ewe, or 
cow are pnmanly protein and mineral During early pregnancy the em- 
bryos increase little in size, so energy needs arc not high Tissue produced 
IS pnmanly skeletal or is composed mainly of protein During the latter 
part of pregnancy, however, embryos grow considerably and energy re- 
quirements increase markedly Enough energy must also be supplied to 
allow the prospective mother to prepare for milk production after lamb- 
ing, calving, or farrowing 

Research at the Iowa Expenment Station (Table 11-3) and at other 
expenment stations has demonstrated the value of restricting feed Intake 
early in pregnancy, using the feed saved for additional energy later in 
pregnancy 


able 11 3 Effect of Feeding Regime During Pregnancy on S>^inc Reproduction* 

C o r ' n ' Blkgeperi),. iw Even tpcdlng Lro-hl(:h tecdl^ 

12 0 12 0 


20<l concentrate mU per day lbs 
First two thirds of pregnancy 
Last one third of pregnancy 
Number of litters 
Litter weight, lbs 
Number of pigs farrowed 
Pig birth weight, lbs 
Number of live pigs farrowed 

KambBrot live pig s a age 4.,, 

■c w Jota.™ j 


Cilia Sows 

cuts Sows 

3 20 2 95 

2 75 2 50 

3 20 2 95 

4 55 3 75 

59 

S3 

30 50 

33 75 

10 79 

12 26 

2 B3 

2 76 

10 27 

11 64 

8 89 

9 65 


In the above case, all piit* . 

mg All received 12 oound* handled similarly before breed 
day ot gestation Concentrat, '='''ding to the I lOll 

received the same areanged so that a gilt or sot 

feeding regime nccntrale during gestation, regardless ot Ih 

the result of improved *^**'^^ low-high system 

naturally slightly smaller so^h"'' atiivival Pigs m the larger litters wcl 
qn-te as good Bn, an ad’vaStTee ofT 

<hc low high group was maintafL? P'S Pne f'«er from sows c 

l^vel ot feeding beet "8= 

attention Grass or harvested Pregnancy has received considerab 
"aated forage u the major energy source, but 






, * ^nws and gilts because it is bulky and 

Flsure 11-2. Silage is a good feed for pr g^ J^„„p,ished by restricted hand feeding 
restricts energy intake- The sam /T^wa State University) 
or self.feeding a very bulky dry ration. (Iowa 

j '.i, niimeal (for protein) or grain (for energy). This 
often supplemented with oilmeal ( P 

supplemental feeding is ® ^“'^study which began with weaned heifer 
Results of a long time Ok > Because of the relatively moder- 

calves in 1948 is presented in supplemental 

ate climate, animals cod‘“ 8 ^ November to April, when grass was 

feed only during the winte . 
drier, less oalatable, and lowe f 


r r ,v=l of Wintering (during pregnancy) on Reproduction 
Table 11-4. Influence of Lcvei 
Efficiency in Beef Cows* 


Medium 


High 


Supplemental feed per day. 
Cottonseed meal, lbs. 


Oats, lbs. t948 

Number of helfera stat'd 1" 

Av. weight Oct. 29. 

Cows remaining, st-s 

Av. weight Oct. 2V. 189® J- 
Per cent etUf crop, weaned 
Av. calving date 
Av. calf birth weight, ws. 

Av. caU weaning welght^^^^^^ 

Cow cost per cwt. calf 


1.00 

2.50 

2.50 


_ 

3.00 

IS 

15 

15 

473.00 

471.00 

476.00 

14 

10 

6 

1,066.00 

1,149.00 

1,099.00 

92.30 

89.20 

88.60 

March 14 

March 8 

March 8 

77.30 

76.90 

78.50 

479.00 

479.00 

468.00 

$7.13 

$9.66 

$13.30 


7 . Aer. Exp. Sta. Mlsc. Pub. 57, 1960. CO. 

•Don Plnncy rial-* bred to calvv each year. Heifer# ealvet! first at two year# 

'na.c<l on total number otco«a 



Figure 114. Milk is nature’s "most nearly perfect 
above manner u doesn't require homogenization 
mg of equipment (Iowa State University) 


food” and when consumed in the 
pasteurization, mixing, or steriliz* 


'°x,‘ T" "''s’" ‘>“™B Ihe winter but gained it back 
naremlv en-.I'""'' siorage daring the summer months was ap- 

the Sef e^ram® 'I r"'*' development during 

he tow leverof ''vel. Also, heifers on 

mg the winter than cows on the medium or high level. 

avXe caTcrTne “cent =■' »' “Be. 

high levels Of wimeMeed^l.^ medium and 


11.6 Nutrition and the Newborn 

three or four d'![ys‘‘ScaM^Zrbto°" S'“"d the first 

strum is very hish in B. “mbmg, or farrowing, is valuable. Colo- 

large quantities of antibodies wMchhTlif’ “If “"d conlaint 

infection (see Sec. 30.4 ) NputS, P resist disease and 

m their blood at birth, so wiihnm^k*”il”’^^^ antibody material 

ject to disease. ^ benefits of colostrum are very sub- 

and freeze i7tor lato mrshouirf^ ““1.“” “'“'turn not used by calves 
later calf, should its moterdto ““V ba valuable for r 

fie used lor orphan Iambs and Pies “dder infection, and can alst 

Energy requirements for rt, • 

■"“rkedly a. the beginning of la^^SoffSeZfb,'™, 
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energy, and also nrore protein, minerals, and vitamins are needed for milk 
produetion than for development of the emb^os m ‘he uteins. 

Health and livability of new-born animals can be greatly influenced by 
.h.“ g "f to d..’ d.l.E Wto to 

„ to.p .dd *... *<■«," rii “.“s 

<«d,.g dtodg g«.d„ d.™ 1... 
chance of survival and often grow slower. 

11.7 Feed Additives and Reproduction 

Many feed additives wTbt 

marked increases in growth. Tl»s y containing 

heavierwhen they reach weeks early, though 

certain antibiotics, „ similarly. With heifers, however, 

sexual matunty has not been spec P materially in- 
most research indicates ^.^j^es mly grow faster early in life, 

fluencedbythe useof amibrnirns.^^^^^ 

when the antibiotics help resist cerwu 

fer™ce insizeisessentiaUy eli.m^^^^^ 

Much research has sho'vn ““ Uvability. Very slight 

tionhave little „ ^ome cases Li the differences have not 

improvements have been noted continuous feeding of anti- 

been considered ^.'gniflcann lo PP reproduction 

biotics to successive generauons 

efficiency. svnthetic or natural “sex” honnones have 

Since stilbestrol and o ® feeding many questions have arisen as to 
been widely used in of this topic here is re- 

their possible effect o materials at low levels in feeding pro- 

gmms and‘doe?nm include possible use to control or treat reproduction 

cycles and phenomena. included in rations for sexually im- 

When low levels o growth of ova follicles on the ovaries is ap- 

mature calves, lamb^o g slaughtered animals fed stilbestrol have 

parently inhibited, v follicles present were much smaller, 

carried fewer fol ic e intended for breeding, should not be fed 

Therefore, ,♦ -s Since about 60 per cent of the stilbestrol in- 

slilbestrol-contaimng ‘ pg^rs in the fcccs, immature gilts intended for 
eluded in cattle ^ follow stilbcstrol-fcd cattle in the 

the breeding herd should noi uv 

feed lot. levels of stdhestrol apparently inhibit ovulation, there 

Though these .Pyi effect after the animal has already conceived, 
is apparently no ^ exocrimcnl stations has indicated stilbestrol feed- 
Research at a number oi • 



172 


FEEDISC FOR REPRODUCTIOV 


ing has no detrimental effect on embryonic survnal Massive injections, 
however are routinely used to cause abortion of feed lot heifers 

Other natural and synthetic hormones used in feeding — progesterone, 
estradiol testosterone, and others — arc known to have noticeable effects 
on size and structure of certain reproductive organs, but drastic interfer- 
ence with reproduction has not been demonstrated when recommended 
levels are used 


11 8 Feeds and Toxic Substances 


Rye IS often attacked by a flack fungus, ergot In Montana experiments, 
when SOWS were fed gram with one per cent ergot during pregnancy, many 
of the pigs were so weak that they died soon after birth and the sows 
showed almost complete lack of udder development The exact cause of 
this harmful effect of ergot is not yet known 
When moldy com is fed to gilts their vulva often appears pink and 
somew atswo en if they were m heat The condition is not accompanied 
by other signs of heat and disappears when the moldy com is removed 
from the ration ^ 


management on reproducuon in farm 
IS exnandin/'^^^^Hi ^ t?”® Studied The fund of knowledge m this area 
proS r mamia.nmg breeding herds and flocks 

provides much incentive for improving efficiency of reproduction 
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mg programs We do need to increase our 

tion on farms and ranches producers can make 

comprehension and mastery oi thp’eeneral area of management 

greater application bottleneck m 

-shelter, equipment, and disease control 

many cases (Figure 12-1 )• 


Equipment Operator 


Climate 

temperature 
^ humid tty 
air movement 


Animal 
Productivity 


Nutrition 

. ... f»dors that inBucncc animal productivity on farms and 
Tigure 12 1 Some of the lac would fill volumes application of the 

ranches Though ^"owledge J , trough the rancher or farm opentor Knowledge 

knowledge is mTde j under the term management is short and may be a 

m many fields often mclu e 
bottleneck to production 


Disease Breeding 


«/ the optimum climate— temperature, humidity, and air 
We need to know production, and the degree of impairment 

movement for mos _ ^ optimum Only then can we calculate the 
that results above o j-Qy^jing shade, fully insulated buildings, artificial 
relative profltaof ly ventilators, dehumidifiers, sprinklers, etc 

heat, artificial coo reactivity to climatic stresses These variations are 
Animals vary * especially in areas of the country where climatic 

economically impo » 


17 ^ 
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extremes are typical Brahman cattle and other members of the Zebu group, 
for example arc more tolerant of extremely high temperature and hu 
midity than members of the English breeds Other dilTcrcnces will be dis 
cussed in a later section (Diseases and their control arc not within the 
range of this text ) 

12 1 Temperature 

Extremes in temperature arc one of the most economically important 
stresses in livestock production High or low temperatures may inhibit feed 
consumption lower gams and feed efficiency (Tabic 12-1), decrease pro- 
lificness increase susceptibility to disease and infection, and indirectly or 
directly cause death of farm animals 


Table 12 1 Predicted Efiect ot Air Temperature and Live Wcicht on Average Daily 
Gam m Swine* ^ 


Weight lbs 



Decrees Fahrenheit of air 


40 

60 

60 

70 

80 

00 

100 

100 

160 

200 

250 

300 

350 

1 27 

1 19 

1 10 

1 02 

0 94 

1 37 

1 47 

1 57 
167 

1 77 

1 87 

1 58 
175 

1 91 

2 08 

2 24 

2 41 

2 00 

2 16 

2 22 

2 14 

2 06 
198 

1 97 

1 82 

1 6? 

1 51 

1 36 

1 21 

1 40 

1 14 

0 88 

0 62 

0 36 

0 10 

0 39 
0 19 
•0 77 
•1 36 
•1 95 
-2 S3 


-1 32 
>2 60 


’I’Sromw'dirf/r// »S8 Ibediuawcreatailatlcallyubu 
lated from 24 differeat experiments Involving pig. weighing 60 to 450 pounds 


ture extremes heavier hogs are more affected by tempera 

o?Zr™o'%T"’™ range for every nn.mal 

lower end of this temoerat condition and ration The 

teinperatnre an^X eT„/T; >■> 

which oxidations in the body mSt temperature belo« 

Cntical temperature for swine of m ’'“p the animal warm 

tween 52° and 68" P Cattle wj "'C'Sl'ts is usually be 

maintenance rat.oa have a er,i.™r. being fed t 

cattle on full feed or dairv cant somewhat below 60° Bee 

volumes of feed have a much h, production and consuming largi 
by utilEthon of the large 00301 . 1 ,! Heat produce, 

‘ "• 

■lefine and vanes greatly aX?-™ range is more difficult t. 
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Understanding the severity of temperature effects, and 
which maximize or minimize these effects, requires review °f 
principles! (1) Evaporation is a cooling process, regardless oi^on (2) 

low humidUy speeds ''“f con- 

ment speeds evaporation; (4) heat can oe ai^t^A off enrfarps; 

vection, conduction, and other routes; (5) f surface. Most of 

somewhat in proportion to the lightness or g oss livestock nroduc- 

the techniques used to combat temperature inffuences on livestock produc 

tion employ one or more of these consideration of sum- 

Discussion of the climatic stresses IS p„rt r inHudps other 

mer weather (Part A) and winter weather (Part B). Part C includes other 
aspects of facilities for livestock. 


A. Summer Weather 

T .■ of the United States the summer months provide more 

In many sections of he Unired b performance than do the winter 

severely limiting effects on f eountry are raised in areas 

months. Over 50 per cent of the cam ^ rFieure 12-2) A 

where the average summer ‘®™P"^“7n"tht upper Midwest where winter 
majority of the hogs hear not so drastic. But shifts in 

weather IS a major prob (Section 1.6) may mean more hogs 

gram production to southern are ( ^ 

will be grown ^ ^ „„mber of dairy cattle and sheep in 

has been some increase, too, m 
the Southeast. 


. ^ fnr averace July temperature in the United States 

Figure 12-2. The 75“ F. of cattle in areas north and south of the iso- 

and approximate Agr. Exp Sia. Bull. 761. 1958) 

therm, attner, N. R., et al. California 
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Animal productivity is markedly lo%cr in most of the hotter regions of 
the earth Though a major reason for the lower production is probably the 
direct effect of hot climates on the animals, there are also other considera- 
tions The high degree of parasitism which occurs in most warm, humid 
areas may induce lowered production The /oh protein and high fiber con- 
tent of deceptively lush looking forage m these areas may be partly re- 
sponsible And, the cultural patterns of many tropical areas have not de- 
veloped a high degree of technical skill in livestock raising 

Most farm animals cannot dissipate excess body heat as easily and 
rapidly as humans Pigs do not perspire much and often have a heavy 
layer of fat, sheep have wool which provides insulation A typical cow, 
thou^ she “perspires” some, has a maximum evaporative cooling rate 
about one eighth of a human, per unit of surface area A lactating cow 
has difficulty dissipating the heal she produces when the temperature is 
above 75° F* 

Animals apparently have some ability to adapt to hotter weather Dairy 
cattle,* for example, may reduce hair thickness by shedding, may increase 
reflectivity by slight changes in coat color and by increasing skin secretions, 
and may reduce thyroid secretion to slow body metabolism and heat pro- 
duction 


12 2 Shade 

Shade is the simplest, and a relatively inexpensive, tool for combatting 

or on the range are valuable 
Amfiaal shades can offer the same protection 

‘f "“'her .s 

he an the ^ Oh top of a h.ll »here a breeze blows They 

ho.reaee,bacU™r.jMreU™ehes''”’ “ 

sheep shades will reduce radiation heat on cattle, hogs, and 

St hi It “rb “ ^t-omd i,; lo to n 

sides If the Sg dimension'onhe *ad" 

vented, but if the Ions diTTif.n "tore radiation is pre- 
area p;rt oVeach “ver the entire 

high on the north side* ^ sanitation If the roof slopes it should be 

Icsts, where galvMrad^'ron' tl'' “olcst shade m California 

apart) were compared (Fimrc (spaced two inches 

and below, has an insuIatin^elfect Hei ^ ^ 

— Heat from the sun does not penetrate 

, 5 ,' 

y oenes iSull 63 Louisiana Agr Exp Sta 
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through to radiate onto the cattle, and little radiant heat from the cattle 
reflects back on the underside of the shade. Also, hot air under the shade 

can rise up through the loose hay. Uo ...uito nr 

If the metal or wood shade roofs are used, the op s 
shiny to reflect all heat possible, and the underside shou d be ddl and dark 
to aLd reflecting animal heat it receives. Shade roofs should be sohd, 

without space between boards, for maximum bene . , r r-nttle 

Sixty square feet of shade per animal is apparently adequate for cattle. 

Hogs and sheep need 20 to 30 square feet each. 


AUGUST 19 

«t in A M 


AUGUST 22 
12 00 NOON 



I Influenced lemperoturc of various shade structures. 
Figure 12-3. How roofing sta Bull. 761. 1958) 

atlncr. N. R.. ct al., California Agr. 


12.3 Air Movement 

ntes evaporation, making cooling by perspiration 
Air movement remove heat dissipated by animals in the form 

more effective, and it c p^^^ convection. It also helps cool parts of the 
of radiation, conduction, « roofs, earth, bunks, etc., — \shich, in 

surroundings— fences, barn 

turn, helps keep the jj worthwhile to use wire or cable fences. 

Where heat is a ^ air mowment. Orientation of feed lots and 
which offer less ^ air n,Q^cmcnt is important, 

corrals to take advan ^ pens with wooden fences or to stanchion 

Large fans for calti 
bams may be profitab t 
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B.h h.d .«pk ® r.;5Sd » 

Has simply a garden hose with researeh reported, additional 

...tlnao., hoe seasons, thoogh an advantage oI 

S"p',Ss”7r.; “*™d ,0 .he. the mean mammnm 

temperature was only 89° F. demonstrated 

Studies in the northern part of the Unite ggo p -phe 

drat swioe show the “ “S"Sol "• ”"I 

laereas. to 150 » 200 per mlnate Xr. ha- 

effects are probably more severe in 

midity is higher. . the value of a wallow or spray 

Research at Purdue has demonstrated the value or 
in addition to shade (Table 12-4) . 

Table 12-4. Wallows or Water Spray for Hogs in the Com 


1956 

(June 18 -August 20) 
Control Wallow Spray 


Kumber of pigs 
Av, initial weight, lbs. 
Av. daily gain, lbs. 

Av. daily feed, lbs. 
Feed per lb. gain 


12 

85.00 

1.89 

6.80 

3.60 


12 

85.00 

2.04 

7.20 

3.52 


12 

85.00 

2.09 

7.52 

3.59 


1957 

(June 18 > July 19) 
co ntrol Wallow Spray 

12 12 
132.00 132.00 

1.50 l.’fB 
6.34 7.13 

4.22 4.08 


12 

132.00 

1.56 

6.48 

4.16 


A u isfi. 1956, and 212, 

F. N, Andrew etal.. Purdue University Agr. Exp. Sta. ^ meo. 

1957. 

11 in ios6 made almost as 
Though the pigs having access to a " callow made the 

rapid gains - those having the by influenza and 

-rfeverciy. This diustrated the sanita- 
tion and disease control problem inherent with a , .^search by 

The size of fall Utters was greatly mcre^ed m Oklaho ^ 

eooUng gilts and sows during pregnan^. The cooling sys 
a mist sprayer under an open shade Sows ih- ^ad of sha 
an average of 7.7 1 pigs per "h'.'' 'hose protected 

shade and water mist farrowed 10.06 p|ES per litter. 

11 / . - nnnUnn is naturally more effective in and climates wuu ^ 

^ ° tneker In humid areas, sprinklers can actually increase humi i > 
bon IS qu ' ,ion. With cattle in humid areas, a fine spray that wets 
''"i . o!' 'miter hair coats serves as an insulator, preventing heat dissipation. 
In such cases, water cooling can bo cftcctivc only if cold water is used and 
■ ,, •; c Whatlsy. Jr. " • OJ'"'"’"'*’ .4rr. Erp. Sla Misc. Fuk. 4S, 1957. 
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Table 12 2 EfTect of Cooling Pen Fed CMtIe by Fan m I xtreme Southern Cali 
forma* 


1955 1956 

aoly6-Scpi 14) Ounc rr-Scix 5) 

Control 1 an Control 1*4 


Number of canle 

7 

7 

7 

7 

Initial weight lbs 

669 00 

669 00 

657 00 

645 00 

Av dally gain lbs 

1 29 

2 32 

t 87 


Av dally feed Ibs 

17 18 

21 41 

16 36 


Peed per lb gain lbs 

13 30 

9 24 

9 82 

7.93 

Mean temperature 

90 3T 


88 3*F 

Mean relative humidity percent 

46 0 


36 0 


•R N Ittser e( at Catt/ornla Agr Exp Sta BxH ’Cl 1555 


Note that the benefit from the fan, tn terms of feed consumption, gains, 
and feed cfRciency, was much greater in 1955 when the mean temperature 
and relative humidity were both higher During the 1955 test, average air 
velocity in the control pen was 0 63 MPH, in the fan-equipped pen it was 
3 7MPH H 11 1 

Missoun tests have demonstrated that winds of five to ten miles per 
hour, provided by fans, will help maintain milL production in dairy cows 
when temperature exceeds 80 degrees 


12 4 Cooling with Water 

“"<• comniercial or homemade cvaporalne 
deen ^^'^idends in many cases Water pumped from 

tion operate cheaply, where natural wind provides the evapora- 

systeJ'hasZT'r’ “ '■'’E f°EE.ng or sprinkler 

temperature is gS-'p '''' “''"E' 

search .nsoulhrmt'o" - tummanzes three years re- 

and being ted wain and^" 

in^g gram and supplement on native grass pasture (1956) 

Hale Fred el «( re«i Agr £xj. Sa Bull eS6 1957 

T^7beVatoeotaWa.„Sp„„Uee,o,„o„,„Ceora„. 

CmtTol sjjtaluej St T l”- July 19) 

C ontrol Sprinkler Control Sprinkle' 

22 23 1 ;< 

1 31 , S ‘j ft 98 48 


Number of pigg 
Av dally gain ibs 
Mean max temp 
Mean min temp 


MImeoSxrltx// S 27 1958 
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B,h g,o.p. hpd .!..<>» ™ ; 

was simply a garden hose with an or ^ research reported, additional 
continuous fine spray. As was true in though an advantage of 

cooling was more beneficial in the o ^ maximum 

0.10 pounds per day was observed in 1950. wne. 
temperature was only 89° F. demonstrated 

Studies in the northern part of th ,„mnpratures reach 80° F. The 

that swine show the effects or above, respiration rate may 

rate of breathing increases and, at • r^j^re goes up. These 

increase to 150 to 200 per minute body Jem^ 

effects are probably more severe m 

midity is higher. , , „ ^^lue of a wallow or spray 

Research at Purdue has demonstrated the value 

in addition to shade (Table 12-4) . 

Table 12.4. Wallows or Water Spray for Hogs in the Com Belt* 

(June 18 - July 19) 
Control Wallow Spray 


Item 


(Tnn^ 18. August 20)_ 

control wallow Spray 


12 

85,00 

1.89 

6.80 

3.60 


12 

85.00 

2.04 

7.20 

3.52 


12 

85.00 

2.09 

7.52 

3.59 


12 

132.00 

1.56 

6.48 

4.16 


12 

132.00 

1.50 

6.34 

4.22 


12 

132.00 

1.1S 

7.13 

4.08 


Number of pigs 
Av. initial weight, lbs 
Av. daily gain, lbs. 

Av. dally feed, lbs. 

Feed per lb. gain 

^Zsia.Mimeo. A.H. IBS, 1956; aniUB. 

•F. N. Andrew Perdee UmversUy Agr. ExP 

1957. 

a wallow in 1956 made almost as 
Though the pigs having ° with the wallow made the 

rapid gains as those having tn p x. a(jected by infiuenza and 

poorest gains in 1957. I” severely. This illustrated the samta- 

those in the wallow were affected 

tion and disease control problem i e ^ . Oklahoma' research by 

The size of fall litters was .ooling system eonsis.ed of 

cooling gilts and sows during p g farrowed 

a mist sprayer under an oPC" = • protected from heat by the 

an average of 7.71 pigs per '‘' n'fi -'VMr litter. 

shade and water mist farrowed 1 • TO ^ climates where evapora- 

Water cooling is naturally mo actually increase humidity 

lion is quicker. In ”T*“a’ttl^in humid areas, a fine spray that wets 

and lower evaporation. With c ja^uiator, preventing heat dissipation, 

only the outer hair coats serv^ effective only if cold water is used and 

In such cases, water cooling can be cllcctivc o y 

-TTX whsdev. II. « a/.. OrtaSama ztgr. Eag. Xla. PUw. TaS. .957. 
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if the animals are soaked to the skin Wetting the outer n^ooI of sheep would 
also be a hindrance 


Water may be most effectively used to cool beef or dairy cattle by spray- 
mg a mist on hay or burlap shade, erected to the windward side of the 
feed lot or loafing area Such a system works well for hogs, cspcaally 
where there is no concrete floor and excess water can dnp outside the pen 
Wherever sprays are used they arc most efficient if the mist is so fine that 
It almost evaporates before it reaches the floor or ground 
When dairy cows m Louisiana* were sprinkled with water dunng the 
summer months when maximum daily temperature averaged about 90* F • 
milk production increased slightly among Holsteins but there was prac- 
tically no increase among Jerseys All cows were given shade 

Commercially constructed evaporative coolers, designed for homes or 
offices, can also be used Since these are relatively compact and enclosed, a 
powered fan is needed to force air movement needed to give substantial 
evaporation and cooling 


Remember that evaporation of moisture from grass likewise gives a 
cooling effect To illustrate. sUnd at the leeward end of a dry, plowed field 
on a hot summer day, then move to the leeward end of a clover or alfalfa 
the ^ forage will be considerably cooler than from 

‘hade on a 

summer breJzes)? ° ®''‘’ <“'"'"'"8 traditionally southern 


12^ Retngeraled Cooling 

less air'morememu 'Hoctivc m humid areas and where there is 

sometimes cmical Also he'™' Ptobicms, and water supply is 

ishardtomamtainaielMweTyTm/Zi't^l'!!'' fl“otuate, it 

oooling IS sometimes necessary ^ and relnseraled 

round farrowm| and ronfmeTrat re"" buildings for ycar- 

a complete dua system for he ‘"eluding forced ventilation and 

«“«>‘t.on.ng seem' pme^^?“"' 'oward refrigerated air 

■or unit Complete LuTroo S M 

and efflcien, With lowered humidm ^ ‘''= “°’‘"8 offeotive 

brT=r'st*™d cattle would be less likely, be- 

<-""8 aTum”:' iree*™!-"' 



Figure 12-4, It is cheaper to 
pipe refrigerated air directly 
onto sows and little pigs in 
hot weather. Note how com- 
fortable the pigs are. The 
same ducts can be used for 
hot air in the winter. (5«c- 
ce«/ul Farming Magazine) 



12.6 Water Supply and Temperature . , t, 

p«ential for economical livestock 
Ample water has long been prov _ times as much water as they 
produrtion. Livestock will drink three to umes 
will consume feed. In hot weather they nee Hrinking in the forenoon 

Came on the range" tend to do most oj their i 3 below 

and the late afternoon and evening, ofiener, and at 90° F. they 

80° F. As temperature increases, ca c wells in the ranches 

tend to drink at least every two hours. naturally a praclical 

of the hot Southwest need to be fairly ^ from 

'imit, but many ranchers arrange wells so a cow 

Water even though grazing areas are between feed and 

South Dakota research has shown important with lambs 

water will reduce pig gains ‘O so because of the volume of water 

Old cattle on feed, though probably less s 

"stored" in the rumen. blc may increase animal com- 

Cooling the drinking water f®'' ' California tests daily gains were 

fort and performance. In four sou P than 90° F. 

0-19 to 0.50 pounds higher when » ^ uneconomical, but several 

Mechanical cooling of water nt y 

Eip Sto. 

®C. n. Roubicck tt »/.. Arizona Apr. Exp. 
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Other techniques will help Water from wells is colder than from ponds or 
creeks Shade over a tank will keep water two to three degrees cooler A 
shallow tank means fresher water (and cooler if from a well) and water 
in such a tank stays cooler because of surfa<» evaporation 

12.7 Ration 

The proper ration for hot weather is extremely important in livestock 
production Regardless of species, fiber diets should be avoided Such 
feeds produce a high ‘ heat increment,” which means a large amount of 
extra body heat develops in the process of digesting and utilizing such 
feeds TTus extra heal must be dissipated, a difficult task in hot weather In 
general, summer rations should contain considerable co/tcciUrntes and any 
roughage used should be top quality and highly digestible 
Poultry raisers sometimes use a ‘top’ feed to help maintain feed con- 
sumption m extremely hot weather This is especially important where 
low^ed consumption may cause a prolonged production slump The top 
feed usually contains extremely high levels of trace minerals and B vita- 
mins Certain B vitamins aciuallj stimulate appetite This high potency 
S >>= spnnklcd on top of the repular ration periodically in hot 
weather or fed in limited quantities after the feeders have been empty for 
an hour or so Such a practice might have value in swine feeding 


B Winter Weather 

beruscIffelTIr '“"S by 1‘vestock misers 

to protect livestock designed to protect the farmer more than 

arc about the same sim°thcV «> those of humans In general they 

body metabolism indudine term*, i™' "" 

Cattle and sheerSrvi aT.^Tm‘’nn'’' 

shelter, especially when mature “ ‘“''^'■■ent and have less need for 

wool and therefore are naturallv ada'n.L'’^’' “ insulating coat of 

much larger animals, therefore have temperatures Cattle are 

means less body heat m relalioo ^ P'"' wmght This 

•base species am mm.narn And since both 

12 8 Minimum Shelter 

months BMuse'‘the7are d'f " 

y smaller and less symmetrical, they have more 




Figure U-S. Mature cattle, such ‘'’“f 
shelter during the winter. (American Hereford Assn ) 

surface area per unit weight, and Xng wtilh °4ht 

radiation, convection, and other routes. A"y »"E ^ 

loss, such as wet bedding of drafts, is cspc y ,rpntly not fully dc- 

The temperature-regulating mcchan^^^ 

veloped in s^ to prevent heat 

provide more body neat, to upr.iiKc of their small size. 

loss, etc. This isespeciany crttma withb hy^p^^^^^ ^ 

• “"‘™:lrabl tern is prS a, if natural by-product of diges_ 

make where considerable P Wyoming and 

tion and shelter than the leeward side of a hill, unless 

Montana seldom need m ,ri,c for cow herds 

blizzards “fd «pcc‘a% Yearlings and two-ycar-old cattle on feed m *e 

or yearling stoeker call ^ svindbreak or open shed 

nonhern Midwest f keP _y „„ d 

• U Mau ds up in closed sheds or barns quickly. Tlicn moisture 
since humidity Adding g^is wet. and the cattle or Iambs develop 

condenses on If eonrincd to such shelter, their hair or 

colds or other rc^- ^^hen they go out to eat in a cold wind. 

wool may gc damp ^^d^ than older c.iitlc. but even here a 

Cnlvcs na i * ample ami ventilation must l>c adequate, 

vhed clo'ic o ^,,cnthcr on feed lot performance arc more nolicca e 
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12 9 Providing Heat 


The economy of providing artificial heat for cattle or lambs on feed or 
for breeding herds and flocks has not been generally demonstrated Though 
extra heat for weaned pigs on feed may be worthwhile, the greatest value 
of artificial heat is at lambing and farrowing time and for several days or 
weeks thereafter Extra heat for newborn calves is seldom needed if housing 
IS adequate 

A number of heating systems are used, some of which are mentioned 
here 


Heat lamps are popular for newborn pigs and lambs They not only pro- 
vide direct heat, but also help the newborn animal dry off and prevent 
chilling If properly placed in farrowing pens or stalls, they help attract 
pigs away from where the sow might he on them Most brooders are simply 
a combination of a heat lamp and a hover which helps hold the heat down 
near the floor where it does the most good A thermostatically controlled 
heat pad, on which pigs or lambs might he to keep warm, is also used 

housing units arc now constructed with heating facilities 
“Wes or pipes for steam or 
farror'^ i^i? conditionmgl Where 

heZ^o If *’'='■■'5 ""Sht be located where 

on the hifiher flnnr P<gs, floor heating is usually concentrated 

am muailv 0 a«fad f ^'eyway Feeder and waterers 
on the higL'i floor lelerHo'vels ^"““raged to nest 

young pigs keeoinp the h xtendmg out from the wall are helpful for 

LgeSngs " ^ to prevent drafts m 



pgnre 12^ A lypical “so- 
lar” house showing large 
space devoted to windows 
on the south side and the 
eflectivcness of the angle of 
the sun m heating 
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Hot air heat, from central furnaces, space heaters, and other heating 
equipment, can be adapted to certain livestock operations. of each 

depend on such factors as the job to be done, the building, equipment, cost 

of installation, and power cost. , j , Upni 

Some swine and poultry houses are built to take advantage o sdar^ 

Numerous thermopane windows on the south a a ow nracti 

from the sun to enter (Figure 12-6). This can effe tive and prac.^ 

cal if the building is well insulated, though such windows are expensive. 
rL otrLng is calulated so the sun doesn’t shine in the windows dunng 
fhe Ltt monlL, but does provide needed warmth dunng seasons when 
the sun is lower and more heat is needed. Roof overhang can also be 
adjustable. 

12.10 Heating Water 

Z; 1 tap""" 

sidTor we 1-Theltered, a sraaU amount of water is exposed to the cold, and 
the water h Sresh and moving. A system has been devised and used in 
wSwater it pumped continually through waterers and back into an un- 
wnicn water IS pu p temperatures are extremely cold 

derground pipe a ^ j,h keeps the circulating water warm 

and waterers are not protecteo, uic c k 

enough to prevent freezing. 

12.11 Ventilation 

Air movement, primarily to hold down humidity, is essential for confined 
liv«te“rdto cf temperawre. Most ventilating systems in use are 

'"“Th™tity of air that needs to be moved naturally depends on number 
iiicquaiuii.r . -onfincd, temperature inside and outside, and 

humMty of the outside air. Ventilation should be designed according to the 

'"'veSuon'nMdsX be held down by using less water in cleaning, pro- 
viding steep floor slopes and floor drains so much urine and water escapes 

as liquid, and using minimum bedding. u ,, u -iH-n,.. 

Because ventilation is so critical, some old ramshackle buildings arc 
actually better for cattle, sheep, and hogs because they are well venlilaied. 
Unless animals are very young, they can withstand a lot of cold as long as 
they arc drv and protected from strong winds, sleet, and snow. 
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C Other Esvironmemtal Stresses 

Mud’ Regardless of season mud is a <tress both lo animals and to the 
feeder or fanner The Com Bell feeders and those in the East and South- 
east suffer more from mud than do feeders in the and Southwest 

Cattle tests at Purdue University have illustrated the value of concrete 
feeding floors in wet seasons In a wet vear cattle on concrete ate about 
0 7 pounds more feed and gained over a half pound more per day, ma* 
tenally improving feed efficiency There was little benefit in a dry year 
Similar benefits miejit be expected for Iambs 
The value of concrete floors for hogs might be much greater than for 
cattle or sheep because of the greater sanitation problems and also from 
the standpoint of feed wastage Pigs certainly have difficulty getting around 
in the mud because they are built close lo the ground Monetary advantage 
of concrete feeding floors cannot be stated for all conditions, but most 
feeders in temperate or humid areas figure that it pays 



ANIMAL REPRODUCTION 


Reproduction in farm livestock and poultry, as in other 
mammals and birds, is accomplished by union of the male 
sex cell the sperm with the female sex cell, the ovum, in 
the female reproducUve tract and by gradual devel^ment in the repro- 
ductive tract of the individual or egg thus formed This chapter wiU de- 
scribe the sperm, and where and how it is produced, transported, and 
united with the ovum It will similarly teU about the ovum and will describe 
the cycles of events that are peculiar to the female reproductive tract 

13.1 Male Reproductive Organs 

The reproductive organs of the male are similar among most species 
Those of a bull are diagrammed in Figure 13-1 

Seminal Vesicle 


Ampulla 


Bladder*^ » m 



Flcurt 13 I The 
tnc irocl of a bull 
individual organs oj f . 
Identified Tracts of other 
males are slmiisr 


Epididymis 
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The two testicles, which produce both sperm and male sex hormone, are 
suspended outside the abdominal cavity in the scrotum The scrotum ap- 
parently helps control the temperature of the testicles Extremely high tem- 
peratures interfere with sperm production, so on hot days the scrotum 
descends, moving away from the body heat and creating more surface area 
for heat dissipation 

The epididymis is a storage reservoir for sperm between services, since 
sperm production is relatively continuous after sexual maturity A tube 
(vas deferens) from each testicle leads into the body cavity where the two 
unite and join the urethra near the bladder The urethra, therefore, carries 
both semen (during mating) and urine 

Note the various accessory organs located near the junction of the vas 
deferens and the urethra A primary function of these organs is to produce 
fluid which carnes, nounshes, and perhaps activates, the sperm 

13 2 Sperm Production 

After sexual matunty of the male, sperm production is continuous under 
most conditions There is much individual vanation m age at sexual matu- 
nty and initiation of sperm production, but averages are given in Table 


Tabl. 13 1 Av.raje Days of Ago When Sperm Are First Produced* 


Boar 147 

Bull 224 

Goat 110 


Ram 147 
Chicken 84-140 


productive Re 


rate throughout life, but m most at the same genera 

m advanced ages Because then- production gradually decline: 

age at sexual matunty and also in' individual and breed vartation u 

might be selected for and gradoallvch '°'!i°' 

“mother cells’ m each testicir"-n!’''fi''’'5’" special speni 

spenn is a special kind of cell d "''!■* produces nev 

chromosome number bv half lei meiosis, which reduces th 

A new sperm cell cons® ' ‘d 

13 2) IS not immediately ca^c fend <'^8“'’ 

senes of maturation processes m iii.. ‘hation It must first undergo 
where the sperm are stored esticle as well as m the eptdidymi 
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Figure 13«2. Diagrammatic 
sketch of a bull sperm mag 
nified about 2400 times 



Sperm are minutely small, occupying as little as 1/20,000 the volume of 
the ovum, even though they are equivalent m hereditary significance Un- 
like ova, which are produced in small numbers m the female sperm are 
produced continuously and in large numbers A typical ejacula e of bul 
semen may contain over fiyeJnUiQn sperm, sufficient to inseminate at least 
500 cows Numbers of sperm per ejaculate are also high for other species 
(Table 13-2) 

Table 13 2 Approximate Sperm Production in Several Species* 


Species 


Average 
volume, cc 


Millions of 
sperm per cc 


Potential number of 
matings per ejaculate 


Bull 

Ham 

Stallion 

Boar 

Cock 


4 

1 

50-100 
200-250 
0 2-2 0 


300-2000 
800-4000 
30-800 
25-1000 
0 5-60 


100-600 

40-100 

8-12 

4-8 

6-10 


•E J The Artificial Insemination of Farm Animals nutgers University Press, 

New Brunswick N J * 1^60 


Many environmental factors, as well as heredity, influence rate of sperm 
formation Environmental cflects arc usually only temporary Extreme un- 
derfeeding especially after animals have been well fed, will decrease the 
formation This is particularly significant when bulls or rams arc put back 
with the herd or flock after being fattened for show 

Vitamin A and protein seem to be the cntical nutrients involved in 
sperm formation in most areas of the counir> Lack of these nutncnls is 
most common m dry seasons 

T\J — yf H ^I^bop and C, R Amiin “Mammnlian SpcnTniiioa" Endeasour, 
XVI 137-150 
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Extremely high temperatures will decrease sperm formation and also 
cause a higher proportion of sperm >\hich arc incapable of fertilization 
Low conception rate among ewes bred during late summer is common, and 
many sheep raisers now keep their rams in a cellar or air conditioned stall 
and let them out with the ewes only at nicht High body temperatures that 
result from sickness or infection will also impair sperm production 


13 3 Accessory Fluids 

Sperm are carried in a viscous mixture of fluids, the entire mass being 
called semen These fluids arc produced primarily b> the accessory organs 
along the male rcproductne tract (Figure 13 1), though a small portion 
may come from the testicles or the epididymis 
In general the fluids arc added to the sperm only at ejaculation In 
some species it has been demonstrated that fluids from one certain organ 
flush the tract ahead of other fluids which might carry sperm All func- 
tions of the fluids may not be completely known and may not be the same 
m all species The mam functions, however, arc apparently to serve as a 
movement, to aaivnlc the prctiously nonmollle sperm 
cells and to supply metabolizable nutrients and other essentials The fluids 
contain sodium chloride potassium chloride, nitrogen, citric acid, sugar, 
and reubor'™'"* *’>' "lo V™ cells for energy 

fluids also serve as lubneams during the mating process 

13 4 Female Reproductive Organs 

.llu«mw m Hgumn’ 3 "P'o«oot,ve tract are diagrammatically 

testicles of the m?»i ii, u female correspond to the 

o™ Re leas d ov ™ '' 7 '"V"' »' 'ho -h' 

me ovanefam lcrH ^ 'o 'he uterus 

m loose connective tissue a”Tre' o'the''"'^' '"i"'' sosponfl'"* 

embryos develoo dunne nreem [ mtemal organs The uterus, where 

end of the large intestiae m largnmmaV"^"’"’"'^ 'Tr! 

opened or closed dunno ^ cervix, an orifice which is 

connects the uterus to tL vagina^Sn” py"’'’ 

srm’.rar r 1 1 rh"; z 

=lTom™:ds\m:rsm:« The forward end of 

of the corresponding ovary The extends to the vicinity 

Ovanes vanes among species but in **?i ^ these tubes to the 

leased ova toward the uterus Casee: h insure passage of re 

Cases have been known of a female becom 




Figure 13-3. The female re- 
productive tract of a gilt 
The horns of the uterus are 
diagrammatically tilted 90* 
and extended, in the draw- 
ing, to be visible. Uterine 
horns in sheep and cattle are 
not so distinctly separate. 
The photo shows a gilt tract, 
alongside a meter stick. Note 
the ovaries, with developing 
follicles, at the end of each 
horn (Photo, Iowa State 
University) 



ing pregnant even when one ovary had been removed and the opposite tube 
svls tied off to restrict ova passage to the uterus. Body movements appar- 
ently insure that released ova reach the uterus. In poultry, only the left 
ovary is functional. 


13.5 The Female Reproductive Cycle 

Whereas sperm production in males is continuous after sexual maturity 
and males are prone to mate at almost any time, the release of the female 
sex cells in mammals occurs in cyclic patterns, in relatively small numbers, 
and ewes gilts, and cows will accept a male only at certain times. The re- 
productive organs of the female are geared to a regular, hormone-controlled 
cycle interrupted only by pregnancy or by season (in certain species). This 

cycle’is called the es/roHJ cycle. , 

The estrous cycle is initiated by certain hormones at the time knoNvn as 
•‘sexual maturity” (puberty). Completion of the estrous cycle is marked 
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by "heat" or estrus, the time when the female will accept the male. The 
estrous cycle might be defined, then, as the cycle of events from one heat 
period to the next. It includes the gradual development and release of the 
ova, other physiological changes in the female tract which prepare it for 
pregnancy, and heat or estrus. Length of the estrous cycle and also of 
heat in various animals is given in Table 13-3. 


Table 130. Length of Estrous Cycle. Duration of Heat, and Time of Ovulation* 


Species 

Cow 

Sow 

Ewe 

Goat 

Days in 
cycle 

21 

21 

16 

19 

Duration 
of heat 

13*17 hours 

2-3 days 
30-36 hours 

39 hours 

Time of ovulation 

12-15 hours after end of beat 
18-40 hours after start of heat 
12-18 hours after start of beat 

Domestic Animals. ^bo^^n^Anima^^d^S'' ReproducUve Physiology of 

Cisco. 1958. Animats, and Man. W. n. Freemand and Company, San Fran- 


13.6 Formation and Release of Ova 

tcstlcle/oraresuuTronTllM production in the 

chrom^ome he eeTu?" '>^0'. with the 

“o"ef "7"'''''''"™” ^ 

largcmcnt o( Micas' cech't f wS'com ' 

ing animais, such as giits several foll^ ovum. In iitter-bcar- 

some on both ovaries In oth<.r • simultaneously, perhaps 

n-ay tuily deveiop ?he Ju e “'y 

protrudes from the ovary surface til' ’’y accumulated fluid, 
estrous cycie. ^ “ "“"r biister, near the end of the 

During or after heat (Table 13 3 % . 1 , * „• 
fnplure releasing the ovum from the feStt ! 

IS called ovulation. The ovum or nvti wjth the fluids. This 

toward the uterus. down the oviducts leading 

13.7 Mating and Conception 

^ipfe”Tmarm:;s™i'S^^^^ 'l'- ^ 

emale reproductive tract (thoueh w*. ^ hours after entering 

me surviving as long as 30 davsl ° Poultry usually live longer, 
> uva probably survive longer, but 




evidence indicates that embryos resulting from older 
likely to die before implantation or during 

in natural service matings must be made near^ e ime cells 

In natural service ejaculated semen, containing millions of sperm cells, 
is deposited in the vagina. The sperm move rapidly ^ 

uterus, and up the oviducts, often in a matter of minutes. This movement 
of sperm is probably caused by uterine contractions stimulated by hor- 

” Ova move down the oviduct much more slowly, often requiring several 

^fertilization, or union of the sperm and in the 

oviduct Though sperm reach the oviduct and vicinity of the ovum within 
minutes after mating, evidence indicates that the first sperm may not be 
the one w^"h fertilLs the ovum. Research with spe™ 

may need to remain in the oviduct environment several hours before being 

‘^f“1emtd"process of sperm and ovum combinatmn is not com- 
pletdylnown In somLpecies the surface of the sperm head attaches itself 
10 the ovum and secretes an enzyme which may allow the sperm to enter 
the ovum. The tail of the sperm, giving some °.c1nc™ 

sperm penetrate the — TZ 

speTpcLrtcTc ovum and become engulfed in the ovum cytoplasm. 
MerbrLes surrounding the ovum then change to prevent entrance of other 
Sperm. 
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Inside the fertilized egg, the nucleus of the sperm and the nucleus of the 
egg come into close contact nuclear membranes disappear, and the com- 
plete chromosome groups become evident Then begins the first cell divi- 
sion and growth of the zygote 

The fertilized ovum, or zygote, if it survives continues to move slowly 
down the oviduct to the uterine horn where it attaches to the uterine wall 
The zygote may include several cells by this time, as the result of cell di- 
vision At the implantation site, capillaries develop to nourish the develop- 
ing embryo during pregnancy 

The optimum time for mating, to achieve the highest conception rate, 
IS influenced by the time of ovulation in relation to the heat period In 
cattle, more will conceive at first service if bred near the end of heat, since 
ovulation does not occur until 12 to 15 hours after heat The cow must be 
receptive to the bull, but the sperm should not be deposited longer than 
necessary before ovulation 

In ewes and sows where ovulation occurs during, but near the end of 
neat, it is easier to synchronize mating with ovulation 


13.8 Artificial Insemination 

w.drivihfjl"'?'"?'"’" (1) to spread more 

1 0 ceZ^rerV”' " T" <3) 'o P'^vent spread- 

was reoZd ■"“■"'"alion ,s not new. it 

was reported used as early as 1322 in horses 

spr.rneeder';fhrTH“"'r "“"'bet 

insemmaldpe" 'btit might be 

artificial insemination mav iv. n species Semen to be used for 

or an eleclro-ejaculator m tale^M 

15 to 20 minute nennH k., •nstrument causes ejaculation over a 

teaser cow semen is collectefT^^"^ e'eclnc impulse With a dummy or 
and maintained at body tempeZre ''“S'"®” made of soft rubber 

to the desired conSrano”^'^ '""“iitration and motility, then diluted 
tamed at exactly 40“ F nr under fresh, it is usually main- 

Storage and later use, it is frozen i” '’oom temperature For 

metabolism Because the soerm nr hke hibernation, slows 

mental proteaion, they must he i, ** "j httle environ- 

help keep the sperm aLe are nsed"B''‘* <li'tiants which 

can kill sperm, the temperature is 1 “ drastic temperature change 

held below -HO" F , f, " ' 2 “ ^vme semen is 

F"r use. die frozen y""'® 

“ “'“""y It IS then deposited by 



\ Bladder j 
’S2b^ 

'Part of 
\j^elvic Bone 


^Rectum \ 

of UteruS\ 

ter ) \ / 


V/£7r/7 of Uterus 


• the left hand is inserted into the rectum to guide 

?iguro 13-S. For mscminaling '° ■ p 5 ,ss,ble with sows (Iowa State University) 

;he pipette through the cervix. i 


f „,tt^ nr other instrument into the reproductive tract o£ the 
feina e (F.gure 13_5F Usu „£ .^e 

!penSt LsTeen lost during storage, depositing the semen in the uterus may 
he of benefit. 

13.9 Pregnancy 

n-n ■ a nf time during which the fetus develops in the uterus is 
The period o (.inception and implantation of the fertilized ovum 

calledpregnancy^ After interrupted for the 

to the wall ° Approximate length of pregnancy (gestation period) 

duration ° P ® , , 4 jt varies considcrahly among animals and is in- 

IS Elven m Tabic *'■ . , , ^ , . . 

fiuLed by age, breed, and number of embryos developed. 



Table 13*4 Length of Precnancv in Fann Anitnah* 

Cows - 282 days 

Sews - - - - lUdays 

Ewes ... 150 days 


Maintenance of pregnancy is dependent upon progesterone, a hormone 
produced by the corpus luteum, which develops from follical scar tissue 
on the ovary after ovulation Degeneration or removal of the corpus luteum 
invanably results in abortion 

It was mentioned in Section 13 7 that age of the ovum at lime of fertili- 
zation may influence maintenance of pregnancy, in that older ova arc less 
likely to survive after fertilization Nutritional influences on maintenance 
of p^nancy and number of embryos surviving arc discussed in Chapter 
II The many reproductive diseases which can terminate pregnancy by 
cm^dhOT Icpiosp.ros.5. are not d.s 


■TTiough fertilized ova divide rapidly, embryos ore still very small even 

Most of the tissue growth oc- 
curs during the last one third of pregnancy (Figure 13 6) 
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How are characteristics inhcritcd-passcd from one genera- 
tion to the next? The only physical link between pnerations 
Is th^pair of reproductive cells, the sperm from the sire and 
the ova from the dL, which unite at conception. The 
then, in these cells, what they contain, how '''ey develop m the testmle ^ 

the ire or ovary of the dam, how the f are 

just how the contents of these celts exert their effects. These topics 

all included in the discipline called genetics. 

_ . and to h3ve it answer a lew ques 

tioIs°eff'ectively'’yru must first acquaint yourself with a few terms. A gene 
the Sk unit of inheritance. Physically, a gene is apparently a chemi- 
is me simplest unii u . .j Nucleic acids, ultramicroscopic and 

th1rS?n“vtble ven 

each of Sc sugars, phosphate, and nitrogen-containing compounds. 
Thtelnits might be hooked together in a variety of patterns, so various 

eenes differ in their chemical Structure. 

A cWiSe carries many genes in a row. like peas m a pod. Appar- 
A chromoso protein molecule, to which are chemically 

alched"“arious nucleic acids (genes). Each gene occupies ^specific 
auacneo me va -hrnmosome. Chromosomes occur in pairs m most 
location on a cer member of each pair of chromosomes 

SeriJed from the male parent while the other member of that pair is 

“nuXr‘’’ofSmoSc pairs in cells of farm animals is given in 
Table 14-1. The total number of genes in cells or on certain chromosome 
pairs is not known. 

Tnhie 14-t* Chromosome Pairs in Farm Animals 


Cattle 

Horses 

Goats 


30 

33 

30 


Pigs 

Sheep 

Chickens^ 

Turkeys* 


>Est»mntea based on recent research evidence. 


19 

27 

6 

9 
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Though much genetic study is directed toward individual genes and how 
they work, most economically important traits of farm livestock are in- 
fluenced or affected by many different genes Transmittal of single genes 
or a very small number of genes can be easily studied, and a few livestock 
examples are given in later sections But when many genes arc involved, 
inheritance patterns are not so simple and different techniques arc used 
for studying them These procedures, so important in farm animal inhenl- 
ance, are discussed in Sections 14 5 through 14 7 

14.1 Transmission of Genes 

Every cell m the body, except sperm and ova, has a full set of chromo- 
some pairs Each sperm and ovum carries one member of each chromo- 
some pair This is accomplished by “reduction division" (meiosis) during 
the development of the sperm cell in the testicle, or the ovum in the ovary 
(Figure 14-1) 

Note that in formation of the sperm cell m the testicle a normal cell 
divides after one member of each chromosome pair migrates to each end of 
the cell Two sperm are formed from one normal cell These sperm de- 
velop as described in Chapter 13 and m time are capable of combining 


Figure 14.1 S^uence ot evenu m reduction division to form sperm and ova. then 
r "■ . Sin^e pair ot chromo- 

sorasi The lam. (hmg happtn! simulia„„„s|y w .v.ry pa„ oI chromosomea 


Testicle Cell 


Ovary Cell 



Preparatory Steps for 
Peduction Division 


Cell Division 


Conception 


Zygote 
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With an ovum produced by the ovary of the female. Cell 

ovary of the female is similar. The ovum formed and shed frorn the ova^ 

contLs one member of each pair of chromosomes that was present the 

°tedL“on division differs from mitosis, which is ^ 

during tissue growth. In mitosis everything ins.de the cell. 

meJer of the chromosome pairs, divides so that the 

contain a lull complement ot chromosome pairs, and the resulting n 

cells are exactly like the original cells. „„„ memher 

It is emphaslcd that the sperm and the ovum <=onmm o, c member^ 

of each chromosome pair. When a sperm and ovum ; 

suiting fertilized cell (zygote) contains a full ^ f 

Chromosome Number 1 present m the chromosomes pair up 

some Number I present in the ovum, me ome 

similarly. rhmmosomes, things that happen to 

Since the genes O e member of each pair of genes 

chromosomes also ^ i,e ends of the cell. When 

mg«», « . !«« ?< ■“ .rnbor ot ...h goo. 

S; «- »■' 

up, the genes automatically do likewise. 

14.2 Examples ot Simple Inheritance 

•-•i,!. or measurable, are influenced by one or more 
All livestock traits, vi i „ ^ically important traits are influenced 

gene pairs. In most cases the economic y 

by several gene pairs. „v,.,racteristics which are influenced by just one 
First let us study ^‘’"^f^^^'^^rinheritance is relatively simple. These 
pair of genes. The m offspring may be similar or dis- 

examples will also '"“f chaLteristics. 

similar from their par nolled characteristic in European breeds of 

The first illustration is polled characteristic; p designates 

beef cattle. P (genetic make-up in the cell) is PP, the 

a gene for horm. ®^„otype is pp. the animal is horned. It the animal 

animal is polled. It ® ( and a P from the other parent, the genotype 

received a p from p^d. The polled gene (P) is dominant over the 

is Pp and the anima ' . capital letters to denote dominance and 

horned gene (p). tieneti 

small letters to denote , there were several new terms introduced. 

In the prece '"S P explained in more detail. Genotype refers to the 
Perhaps these s ou nn the chromosomes in the cells of the in- 
genes and nf an individual is the visible or obvious charac- 

dividual. The p leri nj. absence of horns. In the above example if 

tcrislic, such as the p* 
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the genotype is pp the phenotype is horns If the genotype is PP, the 
phenotype is polled The same phenotype would be observed with the geno- 
type Pp We see, therefore, that the phenotype or visible charactenstics of 
an animal do not always disclose the genotype 

Illustrations in Figure 14-2 provide bases for discussing inhentance of 
the polled characteristic In Example 1 the sire has the genotype PP The 
dam, or cow, has the genotype pp After reduction division in the testicle, 
one P is present m each of the sperm that develops After reduction divi- 
sion in the ovary of the dam, one p is present m each ovum produced 
Regardless of which sperm unites with which ovum at conception, the re- 
sulting zygote will contain the Pp genotype and the offspring will be polled 


Figure J 4 2 Four different types of mating involving the gene for the polled trait 
Note the proportions of genotypes which occur in the offspring and also how an 
offspnng may differ in genotype from either parent 



Ce// 
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In «,n „nond mnipt. i*'" "“SiriUnnuf'*'" 

''""T 's "n” r? r- “ ' 

1:“: J^if i^chanc’e a sperm containing the 

the resulting zygote will have ^Pp genotyp^ an^ ^ 

however, a p-containing sperm unites 

the pp genotype will be bom. particular ovum? 

What determines which type of sperm will “"''e w™ a P 

If : wm umte with ; particular 

°™"’' . U .u cirp and dam are horned (genotype pp). 

In the third example both the s re and ,ype; these are the 

Obviously any zygote formed will cariy the pp g 

only genes that can be transmitted f rom t ^ par ^ genotype 

Both the sire and the dam P°'' ’„d half will carry p 

is Pp. Half of the sperm wdl car^P (f P 25 

(for horns). The same will be true ^ 

that a calf born will have the ^eno VP • ^ genotype. If a large 

Pp genotype, and 25 per calves will be polled; 

number of such matings are made, 7S p two-thirds of the polled 

25 per cent will be horned. Fu«her recogn^e b. P^^ 

calves will carry a recessive gene ? ^ boms, ^ 

look at a polled animal and tell v or 

gene. (Small horn-like scurs, more of caused by a different set 

families that are generally polled, are apparently caused by 

of genes.) . ,i,at much of inheritance in- 

The above series of illustrations shows that mucn 

volves the laws of chance. :„H.,enced bv iust one pair of genes is 

Another characteristic apparent y dominant over b, 

the color of Angus cattle. “e BP genotype. A few 

which represents red. Most ‘ f^^ot apparent since they are 

carry the Bb genotype. These, " d „„ ^d. 

black. A few individuals carry *= J'=^"°J?ation has been organized. The 
In recent years a Red Angus b of two black cattle where 

red Angus apparently originated apparent that Red Angus cattle 

both carried the red ( H withm the breed. Since they carry 

Will breed true for color whp transmit to their 

only the b gene for color, this is the only gene y 

offspring. ,„„,iv inffiienced by only one pair of genes is 

A third charactenstic apparent y ^ cattle (Figure 14-3). Dwarf 

the •■snorter dwarf characienstie m „„d 

calves often die at birth or so^ ■ producer. N represents nor- 

inefficiently, and are an econonu dominant over n, it is difficult 

mal body size; n represents dwart. bincc n 




FIcure J4-3. A dwarf calf 
wjih Its normal-appeanng 
dam The cow is apparently 
a •‘hetcrorygote** for the 
dwarf gene. (Iowa State Uni* 
venity) 


to pick out the normal-sized animals which carry the dwarf nene. Oniy 
n is reS^ivTZh identff.ed- Since 

sentiaily noi^ai'°Lre“art a^/w telHaT"' I!'" 'rf 

gene carrierz. Often the dwarf SLI, h i 

and a shorter, wider tad Ste *e dw“ shorter front legs 

research is being directed toward no.rt 5 “ ” undesirable, present 

appear normal but carry the dwarf gene ^ ^ detecting the individuals which 

The previous illustrations show wbj ir ■ 

ents in certain characteristics and some^ off 

One can also understand why a pig or raU „"r"l® ’’"‘Z’"'' 

m certain traits and the sire in certain „tr" u ' tcsemble its dam 

Not all eases of sin.nl. 

recessiveness There may be'LSd™ dominance and 

Pf may be equal in pl-tSL “ 8'"= 

of shorthorn cattle is an examnle p dominant oter the other. Color 
An animal with an RR genotvoe is ..a ted, IP designates white. 

“'o--thun Wgn„otypeTj:jS?;“^ is white, 

I-IJ OenotjTie and Phenotype 

Lw '’^'p'^oWe^^a''su 8™^ “"ied on 

oWe characteristics. A black Anms butt ot 

' “""8 " P°'>'d, black, and noraalS” « PPBBNN. 

“ ^his were true, the geno- 
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type and phenotype would correspond. Since P, B, and N a^jninam it 
ifapparent the phenotype of an animal discloses some ™ ^ 

the genotype. Any Angus that is polled, black, and normal m size must 

carry at least one P gene, one B gene, and one nf their 

Breeders want to know as much as possib e about t g yp 

breeding stock. They know a a bull calf born with- 

do they know about the ^ow can you know what the other 

out horns IS known horns was dehorned early and 

noS^th^Se his were ever present. Obviously the pheno- 
type, in this case, does not disclose the genotype^ phenotypic character- 

One object of livestock research is learned, 

istics which serve as a better indicator o geno yp . bodies of the 

for example, that definite rid^^^^^^^^^ 

lumbar vertebrae of dwarf cattle. qj 

x-ray when the calves V:;':ek U .h1. d:arre-riers (ginotype 
valuyn selection of malformation, so can be identi- 

usually show evidence of an intermcuirt c 
fled before being put into a breeding her 
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sure that the genes which inhabit each location arc on the “positive” side 
That IS, we want these genes to be the ones which will cause faster gams, 
more efficient feed utilization, higher quality carcasses, higher milk produc- 
tion, etc , rather than genes which might work in the opposite direction 
We almost forget the concept of dominance and rccessivcness, though we 
recognize it does continue to play a role 
Evidence indicates that m economically important charactcnstics, domi- 
nance wor s in our favor It is apparent that, more often than not, domi- 
nan genes are the good genes — at least in the characteristics of fast growth, 
efficiency, litter size, and a few other characteristics (Section 18 5). 

14.6 Effective Improvement by Selection 

.■"’P™''™™ of livestock by sclcct.on are listed 
rclativelv ran ™ closely allows progressive breeders to make 

on of "ox ^o'oetioo is based 

Kononumlly mpanani traits The four rules are 

^ ove maximum genelic yariatmti This is further discussed in Section 

means ihe tralu where "’/’"fneed by heredity This 

Chapter 15 is devoted ® indicator of the genotype 

^ '^ganimal (Chapter 16) ^ carried by a prospective breed 

effectively Etfecllve V”" 

P ®'“ms are discussed in Chapter 17 

14.7 Genetic Vanation 

foimity IS desirable in a uniraal science believe that uni- 

r'7v “rtamly jushfiabir'R .'"a "“ck that is uniformly 

mtherthanonuni/ormityperae emphasis should be on merit 

Cattle and lamb feede,shke .„ a 

cauleTlI^r ■"'Pressed'’bv groups of animals for feed 

hieher**'” ""‘form in size con^™'’"'’* daughter hogs. Iambs, or 
2 L°" “ S'onP thar„’„Te”?‘''r’ The; often bid 

the same Carcasses ftonf a umf **’' average quality but 

quality animal mir^* chance offt 

This prefete " ''f ®™“P ' extremely low 

ably impressed by cati^r"? ^ bteeding stock are 

“"'formity in ,he herd or flock in 




„ ^tock was raised. But a selected breeding animal bull, 
which the breedins -uniformity” or “variation to their 

ram, boar, or ic 

offspring. They trunsm g ^^^ ^ l„ok,d at and 

Also realize and ranches they exist to be .mproved and 

to take pride m- nroeressively better breeding stock for commercial 

to serve as a °„,^„vement L be made w/tftm a herd or flock that 

producers. Ano 14.6I. 

is extremely by Jones and Smith, illustrated m Figure 
The tme in total merit score, though Jones’ gilts are much 

14 - 6 , average the ,a„ keep the five best gilts in their herd 

more ’''’'*“"”aaj°vvilt sell the remainder tor slaughter. Which breeder will 

mL'l'thfniostimproveoiCTm progress. First, the better gilts 

Smith will "^'^“aaasTthey are much better than the poor ones, 
will be easier ° 1 a true indicator of their 

Also, their P^™°^‘^Plative breeding quulity. And the average of selected 
genotypic " . „ s„i,h’s herd than in Jones’. 

gilts is much farther by selection, so his progress will be faster. 

Smith can 
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In many traits the phenotype doesn t disclose fully the genotype Though 
a ewe lamb may carry genes favorable for rapid growth, heavy wool pro 
duction, and high prolificness at maturity environment will determine 
whether or not the genes are ever demonstrated The lamb’s mother may 
die soon after birth, leaving her without proper nourishment, and she grows 
slowly She may not receive an adequate ration, but one low in protein, so 
wool growth IS impaired And after maturity, she might be mated to a 
sterile ram, so her genetic prolificness is not demonstrated 

Environment often greatly masks genotype, or hereditary potential This 
topic is discussed in more detail in Chapter 15 


14 4 Inheritance o! Sex 

What determines the sex of a zvgote‘> Again chance Each normal body 

cell contains a pair of chromosomes called the sex chromosomes Among 

mamma s oth members of this chromosome pair are similar in the female 

^yy ^ Hence the female genotvpe for the sex charactenstic is 

y , 1 ,? 'he female and is called 

mat renni'J ’'T S'"" des'gnated Y The 

male genotype therefore, is yy 

Genci'icl'st.'^eln! Ti ^ chfontosomes differ is not presently known 
IhescxchroLsoLs^®''^’ designations be made for 

mother cell become testicle, the X chromosome from the sperm 

other Half of the ^ sperm, the V chromosome inhabits the 

chromosome female, however, carry only the X 

"ill unite "nh°an'm™*to o^rL'*^'^ ^-‘^^"ying sperm 

male) There is also a sn ^ *"*' ^X genotype (a fc- 

umte "iih an ovum and a male'*"' ® y-carrying sperm will 

that SCI „ determined by chLw'sm 

proponion of males and femsi^Tu.* variations from the 50 per cent 
to chance, to dilfercncc in *?"' anusual These may be due 

sex chromosomes or differm?^'''* activity of sperm carrying different 

matings Will produce a hiffhrvure.- . ‘or the common belief that certain 
gn percentage of one particular sex 


« 5 Most Traits 


In list t V V.WI 1 C raffs 

5‘mple inhcnuncc pauems necessary to go on from relaUvely 

•mportani traits such as rate of ^luickly that most economically 

m, body type and conformation, milk 
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production, and carcass mcnt arc inOucnced by pairs It be- 

tions in individuals becomes tremendous. cpi|.ction boils down 

Improvement of livestock on farms and 

to the task siror al^^^^ replacement heifers, 

by putting all candidates for herd si, J ^ (,^en selecting the 

gilts, or ewes, in the snme or being seleeted for- 

one that performs best in terms of th rFinure 14-5). The one 

gain, finish, feed efficiency, "'““' P!'® “^f^hen the environment is held 
that performs the best in a certain . for that trait, 

constant is probably the one with the striking as our discussion on 

h ™^T^rAriHsThf " '"1- 

“S rs— rprSy-u- 

achieved slowly, ultimate P^®'*” ‘ ^ improve herds and flocks in the 
limited. It is the technique by which we improve 

livestock industry. „rnHiiction in livestock is influenced 

We know, for example, ‘^at miffi produe^^ 

by at least ten pairs of ^ based on genetic 

fluenced by at least ten pa'rs “ „a„t characteristics are influenced 

Studies, that other economically imp 

by relatively large numbers of gene pairs^ occupies a particular location on 

If we assume that each P- 7 '.f,; 73 °ok is simply to make 

the chromosome, then our goal 


de T relatively uniform environment, 
Figure 14-5. Since swine testing stations provi ‘ state University) 

genetic merit of hogs from different herds can 


=»'i* 



. , 'y ^ .! -I 






^ 






HERITABILITY 


15 


Hentability may be defined as the relative importance of 
heredity in influencing certain livestock traits The only other 
ranee trnm 's environment Hentability of traits may 

Of wLrem^ri ^ 1 for a quick review 

their effects ^ ® ^ of farm animals heredity and environment exert 

IS 1 Heredity vs. EnvironmenUl Inflnences 

It can be safd th^'The gene't'i'c I”/ Established at conception, 

If genes for prohflcness® ramd ' t “ 

cass merit, and other desired trLs a utilization, high car- 

ovum, the embryo which develoos an? Provided by the uniting sperm and 
potential The degree to whirK Ik ^ eventually bom has a high genetic 
lifetime is determined bv enviro ^ 's reached during the animal’s 

of disease, manTgemt^^r ?, ■=>'™tc. incidence 

may be approached or even reache'? m'"!, ” ’hE luSh potential 

and management will allow ramH ^ ^ rations, shelter, sanitation, 

reproduction, and top carcass quality^*"^’ utilization, efficient 

parent that e\en the best rations ^ Potential, however, it is ap- 

not give top production Good pm and management will 

lo. the animal to demonS° m though, and will al- 

Environment may influence somA productive potential 

tcntial (genotype) has been establish P°' 

1 h «tablished by heredity ^^"'^^Phon The polled trait m 

l-shed by heredity An An^s Coat color is estab- 

sheJr' Duroc hogrLs^,^^ black, one with bb is 

transmit the distinctly bfack^W bair coat Suffolk 

^vTonm herSiw bead and shanks 

n, « ®^«rts httle effect bereduy is the maior influence and 


But how abo *bs major influence and 

“crdTlr ™ unviroumema. factors tha. 

■ -ms " shleVn:cr''Frr,''n ■" “ 

ertihty of the sire, time 
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dunng “heat” when bred, ration amount and quality, incidence of disease, 
possibility of mechanical injury, and other factors are all important Even 
though the genetic potential has been established, many different environ- 
mental factors can exert much influence on whether that potential is 
reached Hentability of such a trait is usually low 

It IS apparent that both heredity and environment influence all livestock 
traits, but in varying degrees Figure 15-1 illustrates one technique used 
to demonstrate effects of both heredity and environment on rate of gain in 
cattle 


Hereditary 

difference 

Ks 0 20 


Figure 15-1. The above illustrates that differences in livestock performance can be 
caused by both heredity (genes) and environment In this case the difference in en 
vironment had a greater influence on rate of gam than did the difference m heredity 

Two sets of identical twin steers were used, one member of each set 
being fed in Pen \ and \be otbei Tnember of each set m Pen 2 The two 
pens were m different locations, there was a contrast in shelter provided, 
and rations fed in the two pens were different Steers A and A' were not 
related to steers B and B' 

The difference of 0 6 pounds gam per day between the steers in Lot 1 
and those m Lot 2 indicates a sizeable environmental influence It is not 
apparent which of the contrasting environmental influences exerted the 
largest effect — ration, location, or shelter 

Averages in the right column indicate a genetic difference in gaming 
ability Since one member of each pair was subjected to the same environ 
ment, this difference of 0 2 pounds per day is apparently hereditary 

In the above case environmental factors had more influence on rate of 
gam than did the differences in heredity This is not always true If the 
two pens had been adjacent, with similar rations and facilities, the differ- 
ence caused by environmental factors would have been smaller 

15 2 What Hentability Means 

Hentability was previously defined as the relative importance of heredity 
m influencing certain livestock traits Hentability might be defined another 
way There arc many differences among animals m each charactcrislic The 



Pen 1 

Pen 2 

Average 


Animal 

Dally 

gain 

Daily 
Animal gain 


Twins A & A' 

A 

1 20 

A' 1 80 

1 50 

Twins B & B' 

B 

1 40 

B' 2 00 

1 70 

Average 

1 30 

1 90 

1 60 


Environmental difference - 60 
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total vartation that exists among animals in a certain trait is caused by 
heredity and environment The proportion of the variation or differences 
caused by variations in heredity (ancestry or parentage) is the hentability 
If, for example no caustic, cutlers, saws, or other device were ever used 
for dehorning cattle and no broken horns occurred by accident, presence or 
absence of horns on cattle would be caused solely by differences in geno- 
type Hentability of this trait would be essentially 100 per cent Actually, 
owever, accidents and fights do occur, some fanners and ranchers dehorn 
Vr 1 e some do not, and there is variation in how good a job they do En 
wonrnenml vanations do exist, so presence or absence of horns is not 

ip^ctVi ^ heredity Hentability of the trait is therefore somewhat 

less than 100 percent 

things too It means the decree of relationship 
bto of C?"' For example, .f henta- 

should disclo^rr IS high, a boar’s degree of leanness 

rnost . S'no'ypo for leanness (Remember .ha. 

dividual geiies aren t nTme^”’ 7^ gsn=s and .he in- 

paren. whe.her or nm in designaled Bui m .his case jt would be ap- 
P^ren. whelher or no. .he boar earned many genes wh.eh promo.ed lealT 

breeding value "l! hemaLl't'^f'' relalionship benveen pheno^ipe and 

genes, and. se arc h'eetib haf-lean” 

At Miles Cify, MoS'ana 1 L 
rate of gam among seven bulls teS* ° 

halt later steers sired by each bull wen.”” ° ration A year and a 

The group of steers sired by the • L me'^^n i’u 'n 

were the progeny (offspnns) better or hull ranked first In no case 
one rank This illustrates that rme by more than 

siderably by heredity * ° heritable, influenced con- 

15-3 The Trail laHcntable 

a potential breeding animal as a unrt"'we^5’“®'' ™ “’=ut or reject 

or feed'l P^tyr'eal composition are ’”‘*y “r carcass 

fore u performance traits, especiallv i mhented than ranch 

fcre meaning This simply mc^S “bserved or measured bc- 

diSc '""™™nn.al factors on farms and 
"’"""P'n’unt, etc -can be a 
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It may be worthwhile to discuss the influences of environment on cer- 
tain traits, starting first with those low in heritability. 

Prolificness is generally low m heritability. Sows that were members of 
large litters don’t necessarily produce large litters. A number of experi- 
ment stations have demonstrated that ewes bom as singles are almost as 


Table lS-1. Approximate Per Cent Hentability of Certain Livestock Traits* 


Dairy Beef 

cattle Hogs cattle Sheep 


Type and conformation 
Conformation score 
Face covering 
Skin folds 

Amount of spotting (Holsteins) 
Number of functional nipples 

Reproduction efficiency 
Services per conception 
Reproduction interval 
Gestation length 
Number born 
Birth weight 

Production 

Mature weight 
Weight at weaning 
Post-weanlng pasture gains 
Fost'weanlng feed lot gains 
Feed efficiency 
Staple length 
Milk produced 
Butterfat produced 
Per cent butterfat 


25 30 

95 


25 15 

55 
40 

20 


0 


10 


30 

20 



60 

10 


10 

5 

40 

30 

60 

10 

20 

30 



30 



25 

45 



30 

40 


30 



40 


25 

50 


Health and soundness* 

Heat tolerance 20 

Mastitis resistance 25 

Cancer eye susceptibility 
Longevity 10 

Carcass traits 


Length 

60 


Number of vertebrae 


Loin eye area 

75 


Thickness of fat covering 

50 

65 

Belly thickness 

50 

40 

Per cent ham 

50 


Per cent shoulder 

55 


Per cent fat cuts 

50 


Per cent lean cuts 

60 


Tenderness 

35 


Carcass grade 


60 

nR 


•Adaplod from W A Animal Set 17 gen «» 

Ttsos Afir. Exf> 5to Lamb ftrport ISSf p j ‘*'**’*®® Shelton and O L 

National Rcsc-arch Council. 
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bkely to give birth to twins as ewes that were bom as twins Since roultiple 
births are rare m cattle, the interval between calvings is used as a measure 
of prolificness, and the hentability of this, too, is generally low Note that 
the hentability of services required per conception is low among dairy 
cattle Environmental factors, such as disease or injury, may be the main 
reasons cows don’t settle at the first service 

Many swine breeders consistently mark and save for breeding only gilts 
that are from large litters The value of this practice might be questioned 
The large litter demonstrates that the dam had a genetic potential for high 
probficness and that environment was apparently favorable for realization 
of this potential Presumably, some of the genes for probficness would be 
transmitted to the gilts m question But there is no guarantee that environ- 
ment will be equally favorable for these gilts 

Similarly, there is no guarantee that gilts of a small litter will inherit a 
ow genetic potential The fertility of the boar used, condition and feed- 
t,.! T ^ breeding, time during estrus when the dam was bred, feeding 
miurv— of disease, or possibility of mechanical 
“verely limited litter size It is 

fication ’ m^dairv conformation score (or “type classt- 

especially since much “S”nlly high This may be surpnsulg, 

has been considerable LphasB tn 

that hentability values are m1cuW,h Remember 

much more closely relatives amv S' "fnta which show how 

may be actual nonrelativcs Data 

scores are subjeettve cments, etc , but for type sconng the 

c.smu'^B'uMype" uTct' f ‘■'B- <>' P- 

O) mental attitude that patumlar d^v*"t 2 -|' "'Piretrced by 

last group or previous cenerai.^., other animals seen since the 

animal is viewed, (4) hair coat “"Blc from which the 

var,ably^II''Mh'"SrntoSittsuLteS^^ 

non ^'hiSier^to ,ype 

if the man scoring the animals Bsubiert.v. If'* B“t remember, 

of It so Kill you when you visnaIlv*s<-lM°"u'"‘‘*^“ c™’’® hcoause 
“ bnll. mm, boar, or breeding 

, performance of livestock .s > 

1 ^ ikgree Values given in Table IS 1 PP”^ntly mhented to a rather 
and efficiency For animals confined to a r^i?” '*5 fc 8“'" 

ronment is umlorm and contributes le 'mpntmnt part of the 

ss to performance vanaUon, so 
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hereditary variation would be relatively more important. In general, ani- 
mals confined to feed lots are all fed high energy rations designed for fast 
gains and relatively quick marketing. Note that heritability of post-weaning 
pasture gains of beef cattle is only about two-thirds as high as heritability 
of feed lot gains. 

Milk production, butterfat percentage, and related factors are signifi- 
cantly influenced by heredity, though differences in environment — feeding, 
age at first calving, methods of milking, etc., — also contribute considerably 
to the variations in production which exist. Heritability is high enough to 
indicate that it pays to save heifers from top producing cows. 

Variations among carcass traits of meat animals are largely influenced 
by heredity. Vertebrae number in swine, for example, is established early 
during embryonic development, giving little time for environmental effects 
to play a role. The same thing would be generally true for carcass length, 
leg length, etc., which are primarily a function of skeletal proportions. 

The ratio of lean to fat is highly inherited, and this is economically very 
important. The relatively high heritability of beef tenderness, learned in 
recent research, may raise some concern over the value of heavy grain 
feeding of beef cattle (see Section 26.2). Perhaps tenderness can be 
achieved by selection. 

15.4 What if a Trait Is Highly Heritable? 

Selection wilt be effective, and for several reasons. Leanness in hogs is 
used to illustrate this point. 

Kirst, boars and gilts that are lean probably are lean because they have 
genes for leanness. You can pick breeding stock with confidence. The 
"phenotype” corresponds well with the “genotype.” Presumably these 


Table 15-2. Summary of Performance Record of University of Kentucky Hampshire 
Herd* 


Item 

1951 

1954 

1956 

2958 

I960 

Number of Utters 

19 

25 

48 

20 

35 

Av. number of pigs farrowed 

9.00 

9.30 

10.20 

11.00 

11.30 

Av. birth weight, lbs. 

3.10 

2.80 

2.73 

2.87 

3.04 

Av. number of pigs weaned 

7.60 

7.90 

7.80 

9.75 

9.30 

Av. 56-day weight, lbs. 

Av. daily gain, lbs. (weaning 

29.00 

31.70 

34.10 

36.38 

37,40 

to 200 lbs.) 

1.56 

1.68 

1,59 

1.51 

1,50 

Feed per 100 lbs. gain, lbs. 

374.60 

364.50 

358.60 

346.33 

338,11 

Av. backfat thickness, in. 

1.77 

1.61 

1.47 

1.38 

1.35 

Av. body length. In. 

28.80 

29.00 

29.30 

29.33 

29.41 

Lean cuts, per cent of carcass 

52.60 

54.40 

55.68 

56.39 

57.83 

Av. loin eye area, sq. In. 

4.71 

4.83 

4.50 

4.38 

4 45 

U.S. No. 1 carcasses, per cent 

55.30 

83.00 

89.60 

95.00 

98.50 

•C. E. Barnhart et at.. Report of Annual Litestock Field 
Lcxlnffton, 2061. 

Day, Unlve 

rsity of Kentucky, 
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lean genes will be transmitted to the oflfspnng and will be a major inllu- 
ence in causing the offspring to be lean The phenotype of the ofTspnng 
will also correspond well to the genotype In other words, if hentability of 
a trait is high, potential breeding animals with that trait will be good breed- 
ers tor that trait— they 11 tend to pul that trait in their offspring 
t. effective, you can make rapid progress by selec- 

ishigh (Table^l5^2) ^ poultry) where reproductive rate 

heSe selecting for is highly 

M o boar “> P^y for a ram, 

ycu;i„ves,men,“=^^^^^^ return on 

1S.S WiatifaTrailULowiiiHcrifabnity? 

replacements wit™ctffidrac?"-SVl “'^^t herd or flock 

between her and another ite^'bom a'” “ ’>reeder to distinguish 

prolificness'^ ^ single and without genes for high 

not peifom M"dos"e'ly to ^, 1 ''^”"’ '"'f'^'fual offspnng will 

the genotype here, too genotype Environmental factors will mask 

much slower effective and improvement by selection is 

less time, effort, and^’raL^'ey on bull” ram '* "1!“"" “‘S’'' 

■me, effort, and money trvme T selection, but spend more 

1 nmess he should follow rigid saniiai^^^'^* environment For high pro- 
ceed for top reproduction ^^^eck sires for ftrt.hty, 

'EvT,^yet'T^ayL“u'^^”'™’’'"«•'^=™'' 

cn 'Th ‘r Pn'nenly'contronT?' ^PPr'“ate that prolificness 

™«d by heredity Most facers cTn '■■vironment and little influ 
was o'™ '""rr beget targe Iiltei2-."r''’°“" cases where gilts or 

as woren", effecuve But lertza ^'^'''re selection for prolificness 
Iccts ngidly and carefully is abo a I average livestock producer 
teed , 1 no ehed S.o“''’^o and carelaker 

muchon;^”" ““ “"-“""y ^ 

would b„ mprovement that has occurrpH ^^narch demonstrating that 
there mipM without conscious "1 automatic and 

™oma,,?Jr‘‘"'’““’"™'«r O" -ny farm where 

tion, and gilts'^'”'’ P™bficncss With abs^T^'V”'"^’ 

-d 8.lts being saved tor, he bme*lou^'“"‘y conscious sclec- 

■Wding herd random more gilts from 
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large litters would be saved — there are more of them! The same would be 
true for other species — dairy and beef cattle, sheep, or poultry. 

Ceasing to select for prolificness in farm livestock is not being suggested 
here. If a cow calves every 12 months, you know she has the genetic po- 
tential (genotype) for relatively high prolificness. If a ewe gives birth to 
twins or triplets, she too has a high genetic potential for prolificness^. So 
does a sow that farrows 15 pigs. And these genes can likely be transmitted 
to the offspring. So if environment can be made and kept optimum, selec- 
tion for prolificness can be worthwhile. 

Probably one reason that heritabilities of reproductive traits are low is 
that natural selection has, over time, developed species or breeds whose 
reproductive rates are compatible with the environment in which they are 
normally raised. This may seem a bit theoretical, but is reasonable. If this 
has occurred, a large percentage of animats have a genetic potential for 
prolificness close to the optimum. This means there is relatively little 
genetic variation; most variation in prolificness has environmental causes. 


1S.6 How to Make Herifability Higher 

A livestock breeder wants selection to be effective so he can make rapid 
improvement. He can increase rate of improvement by raising hentability 
eliminating all possible environmental variations so that differences in per- 
formance or traits of prospective breeding animals will be primarily heredi- 

"selection within herds or flocks on a single farm or ranch, where all 
prospective breeding animals receive the same feed, housing, and care, 
takes advantage of this phenomena. But when the task is the purchase of a 
"ire from one of several breeders, in different areas, using differen feeding 
irograms, with varying facilities, and where other unknown variations ex- 
St, it is almost impossible to know whether the differences noted among 
inimals are due primarily to inheritance or to environmen . ^ 

A relatively effective solution has been the development of ™.ne beef 
and sheep teeing stations (see Figure 14-5). In these stotions aU pens and 
facilities are identical. All animals are fed the same ^ " 

beginning weights. Every effort is made to m.nmuze 

tions that might affect animals. Prospective J- . ..aits^ave 

be relatively sure that the animals performing the best 

the most good genes for these traits and can transmit them to their off 

Where it is not possible to bri"S 

ttal testing station efforts are in „ specific program 

mTfi? rH-^e'Trial my wild all use similar rations, 

fight agree to a standard feeding trial, in y the test at the 

«art animals on feed at the same age or weight, conclude the 
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same age or weight, and make the same kinds of measurements and ob- 
servations Some environmental vanations still exist, but they are reduced 
and more of the variation in performance is due to heredity, so effective- 
ness of selection is improved somewhat 

In dairy cattle it is common to mathematically adjust production for 
certain environmental variations known to have influence Age at calving, 
season of calving, times milked per day, length of lactation, and other 
factors affect production to varying degrees Detailed records have dis- 
closed how much (see Chapter 29) Since these factors are “environmental” 
factors, minimizing their effects on records by mathematical adjustments 
makes hentability higher and selection for production more effective 
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Four rules for effective improvement of livestock by selection 
were given in Section 14.6. Rule Number 3 was: Observe or 
measure accurately the traits carried by a prospective breed- 
ing animal. This chapter includes how the important traits can be ap- 
praised, with the eye and by means of certain measuring techniques. Some 
traits can be accurately evaluated by the eye; others cannot. Currently 
employed measuring techniques also have limitations (Figure 16-1). 

While reading Chapter 16 keep in mind an important point emphasized 
in the previous chapter — if environment is uniform, phenotype will be a 
better indicator of genotype and heritability of traits will be higher. In 
other words, if all prospective breeding animals are fed and handled as 
nearly alike as possible, it will be easier to identify the animal or animals 
with the best traits. Both the eye and measuring techniques can be more 
effectively and accurately used for selecting the best herd or flock replace- 
ments. 

Though some of the points discussed in this chapter are also applicable 
to dairy cattle, most emphasis is on meat animals. Chapter 29 is devoted 
to appraisal of dairy cattle for milk production. 

16.1 The Traits Desired 

Health is obviously a primary consideration in selection of breeding 
animals. Poor health, whether resulting from injury, contagious disease, or 
malnutrition, will impair productive and reproductive efficiency. All new 
breeding animals should be blood tested or certified to be free of repro- 
ductive diseases. These diseases can be spread very rapidly, especially 
when animals are bred by natural service. 

Any addition to a flock or herd should be prolific. Females should come 
in heat regularly, shed sufficient number of ova, and settle quickly. Bulls, 
boars, and rams should be masculine and aggressive. They should produce 
a sufficient volume of semen with a high concentration of normal, healthy, 
long-living sperm. 

In most cases a potentially long life is important. After a ewe reaches 
two years of age, she is of little value for slaughter. (Compare current 
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prices of fat lambs and mature ewes for slaughter ) Yet, considerable in- 
vestment has been made to grow her to breeding age For maximum profit 
to the flock owner, then, she must produce a large number of Iambs before 
she dies. Ten*j ear-old ewes are not uncommon in well-managed mid- 
western flocks. In range flocks, few ewes are kept after they reach seven 
or eight years of age. 

A similar situation exists in beef herds Heifers are usually two to three 
years of ap before they calve the first time. Since the slaughter value of a 
mature animal is lower and the expense of raising the heifer to breeding age 
IS large cost per calf U tremendous if the heifer produces only three or 
four calves during her lifetime. 

In sn.nc, longevity is not so important. Gilts tisually farrow first at about 
TTie rolative cost of raising the 
pit to ^ceding age is less because she is sexually mature earlier. Secondly, 

or t^-m“r.u-' a offspring— rather than singles 
mo^ra; 1 m *’’= of '»= oaroass from a 

htterl • ofter weaning the second 

mUiw S. ' f-” 

rortt SO M per cent of Ae 

mote prSTe more efficiently ate 

prSuctma°/wtd"rhX*7Sr.Sv2lffi^^^^^ a mneher ffie 
on for all meat animals fe a carcass SlT" ^ 

quality are so highly inherited (Table 15 n , 

or dams that would themselvessldd ht'l’' should select sires 

animals with a high crooortiim or w .fioahty carcasses Well mnsclcd 

detailed discussion of desirable catcaKlS?"' selected. A 

mme carcass traits is given in Chapter 23. 
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Wool is an important ptoduct for the sheep raiser. Amount and quality 
of wool are largely determined by heredity. 

Which of the above traits is most important? The trait which will con- 
tribute most to long-term profit is most important, but that trait may not be 
the same for all situations. Here is why. 

1. Traits desired in a sire may be influenced by traits already present in 
the female herd or flock. A farmer with sows that are prolific, lean, and 
meaty, but which gain slowly, would probably emphasize growth rate 
when selecting a boar. 

2. Some traits arc desired in the animal being selected, as well as in its 
offspring. Prolificness, longevity, and feed efficiency are examples. 
Other traits need to be demonstrated only in the offspring — rate of gain, 
carcass quality, etc. 

3. For traits where demonstration of the characteristic in the offspring is 
important, heritability of the trait should be considered. If the trait is 
not inherited and influenced solely by environment (and its demonstra- 
tion in the animal being selected does not contribute directly to profit) 
then it is not an important trait to consider in selection. If, however, the 
trait is highly inherited, it would be very important in potential breeding 
animals. 

4. How many offspring will the selected breeding animal have? A selected 
heifer, ewe, or gilt transmits genes to relatively few offspring in her life- 
time. A bull, ram, or boar, however, may sire hundreds or thousands of 
offspring. This doesn’t influence which trait Is most important, but it 
does influence how much more important a trail, desired and carried by 
the sire, is. 


A, How Accurate is the Eye? 

Much improvement in the livestock herds and flocks of the world has 
been accomplished in past centuries by visual selection of superior breed- 
ing animals. Visual appraisal has been supplemented considerably, how- 
ever, by accurate observation of performing ability. Skilled and experienced 
livestock raisers are very observing and they have a good memory. 

A good beef herd owner remembers the heifer or cow that doesn’t settle 
quickly or produces a light, weak calf. He makes it a point to cull her and 
not save her offspring for the breeding herd. A hog man will note the gilt 
that grows faster than the rest because she may “stand out,” and he will 
keep her for the herd. A sheep rancher will tend to save the Iambs which 
grow and mature faster, and that arc from a ewe that produces a dense, 
heavy fleece of high quality wool. 

Successful livestock raisers, who have improved their herds and flocks 
by selection, realize that it takes much experience, practice, and training 
to make accurate visual observations. The memory must be trained, too. 
A breeder who looks at four different boars on four different farms must 
be able to visualize the animals if he wishes to base his decision, in part, 
on type and conformation. 
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Table 16 1. Accuracy of the Eye in Apprawing Traits of Breeding Animals 


A Traits accurately observed 

Color 

Homs 

Number of teats 
Physical defects 

B Traits less accurately observe d 

Mature size (If mature when observed! 

Face covering in sheep 

Age 

Weight for age 
Wool density 
Wool quality 


Straightness of legs and feet 

Wldi 

Meatiness 

Spring of rib 

Tendency to fatten 

Teat placement 

Temperament 

C. Traits obsenred with poor accuracy 

Prolificness 
Izjngevlty of production 
Feed efficiency 
htarbllng 
Tenderness 


TablT 1^6-1 very accurate and precise m appraising certain traits 

ing stock rouohlv"^'^ ° considered in appraising breed- 


16.2 Traits Accurately Observed 


curacy and r^pwiabilitv^C^l*^^ almost perfect ac- 

teatjand a few oS absence of home, “umber of 

look the same to you as to rm. p® a''amng — today or tomorrow They 
tor these traits, unless the hmH '* nan be made vs hen selecting 

close the complete genotype A doI|"'?i 1H' doesn't always dis- 

illustrated in Chapter 14 or carry a gene for horns, as 

“lor =* “tick cow may carry the gene for red 

IM Traits Uss Accurately Observed 
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Ppraisal of conformation person than to another 
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An animal that has been ill or poorly fed will probably not rate as high 
as one in top condition, even though it may have more desirable basic con- 
formation — width, straightness of legs, muscling, etc. The fact that most 
who show breeding animals in competition usually have them in high con- 
dition (very fat, often much too fat for breeding) is sufficient evidence 
that condition influences visual appraisal. 

A nervous and unruly heifer, in a group being sorted to yield replace- 
ments, will often be discounted more than the nervousness exhibited would 
warrant. 

The above illustrations merely point out that traits which can’t be ob- 
jectively counted or appraised don’t look the same to all people, on suc- 
cessive days, or under varying circumstances. But experienced and observ- 
ing livestock raisers use certain clues to improve their accuracy in appraising 
subjective traits. 

Age can be closely estimated by looking at the teeth (Figure 16-2). 
Animals within a species tend to lose their temporary incisors at rather 
uniform ages, usually varying less than three months. Age can also be 
estimated, by an experienced livestock raiser, by noting the size of head, 
the length of ears and tail, and length of legs. Remember that the skeleton 
has priority over lean and fat tissue in receiving nutrients for growth, so 
tends to grow at a rather consistent and uniform rale. A breeder may starve 
a gilt so she will appear lean at 200 pounds, implying that she is genetically 
lean. A careful buyer, however, will note the longer tail, legs, and head, 
and perhaps suspect that she is light for her age. He then deduces that she 
either “did very poorly” or was purposely underfed. 

There are several important traits in sheep which can be rather ac- 
curately appraised by the eye of an experienced and skilled sheep raiser. 
Wool density and length, which influence amount of wool produced per year, 
and wool quality (see Section 27.2) can be compared among animals 
being considered for the flock. Amount of wool covering the face is also 
apparent. These particular traits are also rather high in heritability (Table 
15-1). Appearance is a good indicator of genotype so if animals with de- 
sired traits are selected they will likely transmit these traits to their lambs. 

Accuracy of estimating “weight for age” (rate of gain) obviously de- 
pends on the ability to estimate age and weight. Experience is essential in 
developing the ability to estimate either. Men who weigh livestock daily 
can become experts at estimating weight. 

Animals that will be in a herd or flock for many years — females that will 
carry the load of pregnancy many times and sires that will breed often for 
many years — need straight, strong, and well-placed legs and feet. A 
straight leg will support more than one which slants, and for a longer 
time. There will be less strain on the joints. If legs are placed “out on the 
corners,” less of the body hangs over to create leverage. 

Extremely straight or extremely crooked legs are distinguished by any- 
one, but those between sometimes vary in appearance. Straightness of legs 
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may be influenced by the current weight of the animal and whether it is 
standing on soil, bedding, or concrete. Also, two people will not neces- 
sarily agree, or will one person always agree with himself on successive 
days, as to the relative straightness of an animal's legs. 

Breeders of cattle and sheep prefer an animal with a straight topline. 
A sagging or “weak” topline is considered undesirable, probably because 
such an animal may be subjected to more stress by the weight of preg- 
nancy and therefore may not produce for as many years. Some feel a 
straight topline indicates a large eye muscle (longissimus dorsi) along the 
backbone, but no evidence to support this opinion is available. In hogs, 
a slightly arched topline is preferred by some breeders. This is apparently 
based on the geometric principle employed when arched rafters are used 
to support a roof over a large open area. Note the pig is longer between 
the front and hind legs, in relation to over-all size, than cattle or sheep. So 
the extra strength supplied by an arch of the backbone may be important. 

Meatiness, the most important trait from the standpoint of carcass 
quality of offspring, is discussed in more detail in Section 23.5. It can 
be estimated similarly in breeding animals by noting width of shoulders 
and hind legs, bulginess of muscles, and depth of ham, round, or leg. An 
animal can show good muscling even when it carries little finish. In fact, 
too much finish often fills in the slack spots and disguises the degree of 
muscling. 

The tendency to fatten is a trait that is often difficult to appraise. This is 
apparently one of the reasons breeding cattle and sheep are often kept rather 
fat for showing in competition — to prove to the judge that they carry the 
ability to fatten. Breeding efficiency of some potentially good sires and 
dams is actually impaired by such overfeeding. In recent years many ob^ 
jective breeders, who must make their profits from high reproduction 
efficiency, have refused to show such breeding stock in competition. It is 
both embarrassing and costly to have a champion breeding heifer that 
won’t conceive. 

Most breeders prefer animals that have a spacious thoracic cavity, givv 
ing plenty of room for the heart, lungs, and other organs to operate. Hence, 
they look for animals with a wide chest and with the ribs wide apart — a lot 
of “spring of rib.” 

Number of teats is easily determined by counting, but location and 
prominence is a relative thing. Teats should be far enough apart and large 
enough so a calf or pig or lamb can nurse without difficulty. Size and 
prominence of teats is highly inherited, so should be noted when apprais- 
ing breeding stock, both female and male. Inverted nipples, which are 
difficult to suckle, are rather common in hogs. 

The head — its shape and conformation — is used by some as a major in- 
dicator of merit In breeding animals. It is logical that a wide, blocky ewe 
or heifer should also have a head of the same relative shape — ^wide at the 
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poll, between the eyes, and at the muzzle Therefore the head does often 
serve as a fair indicator of conformation But u/i> spend time evaluating 
the head when the body is available to see^ Appraisal of the head should 
serve merely to support impressions of body type and conformation 
The upper and lower jaw should mesh, so the animal can graze and 
chew efficiently An overshot or undershot lower jaw is not uncommon in 
cattle and sheep 


16 4 Traits Observed with Poor Accuracy 

Note that the traits listed in the lower section of Table 16-1 — prolific- 
ness, longevity of production, and feed efficiency — are very important 
traits m a breeding herd or flock They are the major contributors to profit 
or loss, success or failure and, at the same time, are the traits generally 
most difficult to appraise with the naked eye 

It is probable that some traits mentioned in the previous section, such 
as straightness of legs and topline, directly or indirectly influence longevity 
of production Rate of gam usually influences feed efficiency, because 
faster gaming animals use a smaller proportion of feed for maintenance, 
the amount of feed consumed per pound of gam is less 
Some breeders attempt to appraise prohneness by the ‘ broodiness” a 
female may demonstrate, though this trail is difficult even to describe 
Tem^raraent of a heifer, ewe, or gilt may affect net reproduction rate 
“ffsptmg "lay be unable to nurse readily and an 
her ptgs 

ova a 1= wlr I f "T'” do "ot disclose the number of 

abtluv a 1 of sperm m a bull’s semen The 

to effictenUv ah™ h “ '"'^'mes which will chemically digest feed, 

not ev to Uo “ h *em to ttssue are 

not evident to one who merely looks at the animal 
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appraise and record th^p'rodun'^™™® devices or record systems which 
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be directed to the breeder s memo ®PP'’®‘sal Considerable credit should 
animals or their relatives In a ? Previous performance of particular 
a small herd or fiock, cared for by the owner 
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and his family and providing enjoyment as well as income, the breeder 
may have had an almost perfect memory of the performance of every ani- 
mal. This was, no doubt, the major basis for selection, supplemented by 
visual appraisal at the time decisions were made. 

Such a situation is less likely to be true in the latter half of the twentieth 
century. Herds and flocks, on the average, are larger. Hired labor is often 
used to care for the animals. Breeders still enjoy and have pride in their 
herds or flocks, but they participate in other pleasures and have a wider 
variety of interests. Their mind is also more concerned with evaluating 
other information on topics such as fertilizer, pesticides, and feed additives, 
which are increasingly important. Alt this means that less time, interest, 
and attention are usually devoted to being personally acquainted with the 
performance of every animal and that records to aid the memory are more 
necessary and worthwhile. 

The best measuring techniques or tools are the simplest — for they are 
the ones which will most likely be used by a breeder. A pencil (Section 
16.6) and a scale (Section 16.7) are the basic tools for measuring and 
recording livestock performance. 

It must be kept in mind that replacement heifers and lambs are usually 
selected and sorted out at weaning time, so that they may be grown on 
pasture or harvested forage, rather than fattened with those intended for 
market. Gilts are usually sorted out at about 1 50 pounds or four months. 
At the time of selection, heifers, gilts, or ewe lambs have not had time to 
demonstrate certain characteristics which are important and which a 
breeder wants to consider. Obvious examples are proliflcness, milking 
ability, and length of productive life. The breeder must therefore depend 
on information provided by some relative, such as dam, sister, or half- 
sister. The adequacy of such information, in appraising the weanling heifer, 
ewe lamb, or gilt, depends on the heritability of the trait and the degree 
of relationship between the animats concerned. 

16.5 Identification 

Proper identification of all animals is the basis of any complete record 
keeping and livestock selection program. The breeder may be familiar 
with every animal, but lack of a positive identification system makes any 
record-keeping program worthless if he dies or is incapacitated. 

Most breed registry organizations require that an animal’s registry num- 
ber be tattooed inside one ear with permanent ink. Some, especially for 
sheep, also provide small ear tags. Since registration numbers are usually 
long, most breeders also use some type of private system. Such numbering 
systems are also used on grade (not purebred) herds or flocks. A common 
system used in swine herds is illustrated in Figure 1 6-3. 

For easy identification on pasture or range, large numbers can be ap- 
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plied with special, long-lasting paint or, on cattle and hogs, by hot iron 
branding. 

16.6 The Pencil 

Write it down! Birth dates, litter size, and number bom dead, as well as 
environmental stresses such as injury which might later influence your 
selection decision, can be recorded on the spot in a small pocket notebook 
(Figure 16-4). Such information can be transferred later to permanent 
record sheets or books. 

Breeders benefit from records showing dates females came in heat and 
were bred. Late and inconsistent breeders can be detected more easily, 
and calving, lambing, or farrowing dates can be anticipated with more ac- 
curacy. 

16.7 The Scale 

Birth weight is a guide to the ability of the newborn animal to withstand 
the stresses it will be subjected to. Animals that are heavier at birth usually 
gain faster. Experienced livestock raisers can estimate birth weight with 
considerable accuracy, but a scale weight provides precise information to 
use later in selection decisions. 


Figure 16-4. Easy idcnlifica- 
tion of animats facilitates 
record keeping This rancher, 
in the Osage country of 
OUahoma, tattoos and car 
tags calves at birth, then 
brands the number at vs can- 
ing lime. The first or last 
digit may tell the year of 
birth. {Successful Farming 
Magazine) 



228 


APPRAISAL OF BREEDING STOCK 


Weaning weight is important to livestock breeders for two reasons be- 
sides direct value of the weight It indicates the relative milk production 
of the dam, especially in beef herds and sheep flocks where creep feeding 
IS not practiced and the calf or lamb depends on milk as the major source 
of nutnents It also discloses, to some degree, the young animal’s inherent 
ability to gain If management, milk supply, and other factors are similar, 
the animal which gams more rapidly up to weaning time will probably con- 
tinue to gam more rapidly and will tend to transmit this trait to its offspnng 
Where hogs are raised in confinement, it is usually feasible to wean all 
pigs at the same age so weaning weights can be compared directly With 
beef herds and sheep flocks this is not practical, so adjustment tables or 
charts have been developed which allow weighing at the same time many 
calves within a certain age range and adjusting their weights to a stand- 
ard age (Figure 16-5) 


It IS also important to adjust the weaning weight of calves or lambs for 
age of dam, since very young and very old cows and ewes give less milk 
Single lambs may weigh as much as 10 or 11 pounds more than twins at 
weaning time in drier range areas where vegetation is sparse In midwestem 
tam "“'’'S' tiowsver, where feed is usually plentiful and lambs are usually 
creep-fed, the difference may be insignificant 
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rigure 16'>5. Graph used to adjust weaning weights of calves to standard age of 190 
days This graph was developed from weight records on calves m Corn Belt herds It 
may not be usable for other areas Many ranchers develop their own standardization 
tables or graphs based on performance m their herds 
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conformation traits can be improved by selection at the same time. They 
are not genetically antagonistic. Obviously, though, less rapid progress will 
probably be made in one trait if a second is being selected for at the same 
time. 

Wool weights are commonly recorded by progressive sheep raisers, and 
used as a basis for selection, just as milk production is recorded and used 
by a dairyman. 

16.B Measuring Meatiness 

Carcass data from relatives could be used as a guide to meatiness of 
potential breeding animals, but is sometimes not available and is of limited 
value because the relatives are genetically different, to a degree, from the 
animal in question. Other techniques have been developed to measure 
directly the meatiness of animals in some species. 

A metal ruler (live probe) is used to measure backfat thickness on 
hogs.^ Backfat thickness as measured by the probe is highly correlated 
(—.90 or higher) with the percentage of lean in the carcass. Gilts or boars 
are probed at about 200 pounds. The skin is cut and the ruler inserted at 
three points, about two and a half inches off the midline of the pig (Figure 
16-6). The ruler penetrates the fat layer easily, but stops at the layer of 
connective tissue covering the eye muscle. If pigs are probed at some other 
weight, values can be adjusted to a 200-pound basis. 

One reason the probe is such an excellent indicator of percentage of lean 
is because fat thickness Is measured near the middle of the eye muscle. 
A pig with a shallow, kidney-shaped muscle will have a thicker layer of 
fat at the measuring site, while one with a bulging muscle will have a 
thinner fat covering. 

The probe is not as accurate an indicator of percentage of lean in beef 
as it is in pork. The irregular shape of the eye muscle makes it difficult to 
obtain consistent measurements. 

A more complicated instrument which provides similar information is 
called a “leanmeter.” It is battery powered and its operation is based 
on the difference in electrical conductivity between fat and lean tissue. 

A needle penetrates the fat and the conductivity of the tissue is recorded 
on a dial. As the needle passes from fat to lean, this is indicated on the 
dial and the depth of needle penetration can be measured.” 

An ultrasonic device — an instrument which emits sound waves and 
records the time it takes for them to bounce back from a junction between 
two tissues — has also been used to effectively appraise meatiness in beef 

* I_ N. Hazel and E. A. KUne, J. Animat Science 11:313, 1952. 

‘ F. N. Andrews and R. M. Whaley, “A Method for the Measurement of Sub- 
cutaneous Fat and Muscular Tissues in the Live Animal,” Purdue University, La- 
fajcitc, Indiana, 1954; and Pc-irson, A. M., ct a/., J. Animal Science, 16:481, 1957. 
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cattle and hogs ^ It could also be used for sheep The instrument was ongi- 
nally used as a flaw detector for metal parts, ceramics, etc High fre- 
quency sound waves emitted by the machine pass through tissue or ma- 
terial at a certain speed When they reach a break, flaw, or junction with 
a different tissue or material, some of the waves bounce back By knowing 
the speed with which the waves move through fat tissue, depth of fat can 
be measured Research workers at Cornell University* have even used the 
machine to trace the shape of the eye muscle, with some degree of ac- 
curacy (see also Figure 3-5) 

Other measuring techniques can be used, but few yield nearly as much 
information or are as simple to use as the live probe used on hogs Some 
have used large calipers to measure width of loin, shoulder, and round, 
or tape measures to appraise circumference of round But these measure- 
ments are usually more difficult to make and arc less valuable in estimat- 
ing muscling 

Where it is necessary to use carcass data on relatives to evaluate meati- 
ness of a possible breeding animal, percentage of lean cuts and area of the 
lorn eye cross section are probably the best guides Carcass grade is a 
rough approximation not a precise measure of merit, so is of limited value 


16 9 Appraising Conformation 

Conformation traits, which are relatively subjective and which were 
«cussed in Section 16 3 as being observed by the eye with less accuracy, 
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Figure 16-7. Committee members independently grade calves to the nearest one third 
of a grade (see Figure 16-9) (Iowa State University) 


After conformation scores are assigned and weights recorded and ad- 
justed, a breeder will probably do the selecting “on paper “ Naturally he 
will have previously eliminated animals that are chronically ill, or have 
certain traits definitely not wanted (such as color markings in a purebred 
herd or flock that will not allow registry). Selecting on paper prevents the 
breeder from influencing his decision because of personal, subjective bias. To 
some, this may seem absurd, but if happens For example, he may hate to 
eliminate a particularly affectionate calf, lamb, or gilt, and really hate to 
keep one that is a bit independent or aggressive. 

16.10 Appraising Other Traits 

For some reason, points of conformation have a certain esthetic value 
to livestock raisers. In other words, such things as depth, straightness of 
legs and topline, and features of the head often have “beauty” to the 
breeder far beyond their true economic importance Other traits, though 
also subjective in nature, can usually be more objectively appraised Wool 
quality, teal placement and prominence, size of udder, etc , apparently 
have litUc esthetic value and breeders can scrutinize them with extreme 
objectivity. 

A breeder can check quickly to see if the teats arc spaced so offspring 
can nurse with ease, and to sec that no teats arc inverted An experienced 
sheep raiser becomes skilled at appraising wool quality. Samples of woo! 
grades can be compared with the wool on the lamb 

Sperm concentration in bull, ram, or boar semen can be checked by 




Figure 16*8. A mobile lab for checking sperm number and vigor in bull semen, 
owned and operated by Colorado Stale University {Succestfut Farming Magazine) 


counting, with the aid of a microscope, as blood cells arc counted. Other 
techniques are available to appraise sperm health and activity, as well as 
the percentage of abnormal sperm (Figure 16-8) 

16.11 Indexes 

How can the nei merit of prospective breeding animals be established? 
How can the candidates tor herd or flock sire or replacement female, since 
they vary in all traits, be fairly compared’ 

Indexes, which are actually a net merit score, can be calculated, con- 
importance of the traits as well as their 
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Also recognize that a breeder who already has a group of lean sows 
may ignore the index and base his selection mainly on growth rate and 
feed efficiency. 

Rather than using indexes, breeders may employ other techniques to 
arrive at a selection decision. A sheep rancher who wants to save 25 of 
his 100 ewe lambs may first select the top half on conformation, then save 
only the half of these that gained faster. 

A breeder also might use a selection sheet like that in Figure 16-9. 
Since about 40 per cent of the heifers must be selected in order to main- 
tain herd size, there is a limit to the severity of selection. 


Figure 16-9. A selection sheet for heifer calves at weaning time. After weights are ad- 
justed and conformation scores recorded, all potential herd replacements are entered, 
by number, on this sheet. A selection line can be drawn according to what the 
breeder’s goals are. Though the heifers aren’t "feeders,” feeder grades are used as a 
description of conformation. 
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C. Culling 

Appraisal of breeding animals must continue, even after they have 
entered the herd or flock. An animal must prove to be a money-maker and 
must continue as such to justify its place in the herd or flock. Poultry 
owners cull their flocks daily, sorting out those birds which aren’t laying 
at a sufficiently high level. This same kind of culling can take place with 
livestock, where merited, and where the breeder has sufficient information 
to justify culling. Recognize that when heifers, ewes, or gilts arc selected 
for breeding at a rather young age. some mistakes in selection will be 
made. The real productive ability is not known at that age and guides used 
for selecting are sometimes misleading. 

16.12 How Soon Can You Cull? 

Can a breeder cull with confidence at the end of the first season? Is the 
first season’s production of a heifer, gilt, or ewe a good indication of her 
later production? This depends on the trail. The approximate repeat- 
abilities for various traits arc given in Table 16-2. Repeatability Is the 
degree to which an animal repeats herself In productivity in successive 
years or seasons. Since the repeatabiiity varies for difTcrent traits, the 
speed with which a breeder can cull with confidence also varies according 
to the trail being considered in culling. 


Table 16.2. Approximate Repeatability of Productive Traits in Livestock* 


Trait 

Beef cattle 

Sheep 

Swine 

Birth vfelght of offspring 
Reproduction efficiency 

Weaning weight of offspring* 

.30 

.10 

.34 (210 days) 

.20 

. 10-. 16 

Grade of offspring at weaning 
Annual wool production 

.3I> 1112 days) 

.22 

.50-. 60 


wr.. „ .j,, ^ 

45 , 1956, 30. 
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Weanmg Weight, 
First Calf 


Weanmg Weight, 
Another Calves 


High 

Group 


Low 

Group 


505 lbs 



68 lbs difference 23 lbs difference 


437 lbs 



Figure 16«10 How repeatability of weaning weight was calculated using weanmg 
weights of calves from 303 cows at the Oklahoma Agricultural Experiment Station 
Chambers Doyle et at {Oklahoma Agr Exp Sta Misc Pub 45 p 30 1956) 


after the first calf crop was weaned and be sure he did right If both subse- 
quent groups of calves had averaged the same, repeatability would be zero, 
the breeder could not have culled on the basis of weaning weight of the 
first calf with any degree of confidence The repeatability value of 34 tells 
a breeder that he can cull the extremely low heifers after one season, but 
he should wait until the second year for those which might be “borderline ’’ 
The repeatability of 35 for 112 day weanmg weight tells a breeder that 
he can cull heifers as effectively when their calves are 112 days of age 
This may be important, since heifers to be culled need not be rebred (rcc 
discussion on practicability of culling heifers m following Section, 16 11), 
Repeatabilities of reproducing interval, tendency to settle at first ncrvlu 
tendency for heifers to calve once every 12 months, etc , arc UMiilly 
enough that when a heifer, ewe, or gilt doesn’t settle the firKt brc'diiut 
season, she probably should be sold for slaughter The cost of /// i 

a heifer or ewe a year is too great and the chances they wd| c/j/jv he I i(cr 
are too poor With multiple or continuous farrowing, yj/f* fuciiu’t iy 
maintained a year, but a gilt that won’t settle after tv/i, nr * —T 

to a fcrttk boar probably should be culled ' 
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16 13 Can You Afford to Cull? 

It IS apparent that an animal must be profitable in order to justify its 
position m a herd or flock The previous section discussed how soon an 
animal m the herd or flock can bt culled v.ilh confidence Certainly 
females that will not readily conceive and sires that arc tow in fcrtilit) 
should be culled immcdnicly But can i livestock raiser afford to cull a 
heifer because she is a poor milker and her calves arc rather light and 
thin at weaning'’ Can a sheep breeder afford to cull a ewe because she 
produces only singles rather than twins'’ The answer to either question is 
probably * no " 

The cost of raising the female to breeding age is so great and the salvage 
value of a mature ewe or heifer is low enough that it ma> be practical to 
keep such heifers and ewes in the herd or flock throughout their productive 
lifetime There arc obviously exceptions, such as a heifer that calves at 
two or two and one half years of age and which can be sold at a time when 
beef prices are unusually high 

As discussed in Section 16 1, with the topic longevity, the problem is 
not so critical in swme where gilts reproduce earlier in life and their 
salvage value is relatively higher 



RATE OF IMPROVEMENT 


Livestock improvement by selection and breeding programs 
is a slow and tedious process. The one major consolation is 
that improvement achieved by selection is permanent im- 
provement and monetary benefits may be realized for many later genera- 
tions. Yet breeders, who are in the business of supplying seed stock to 
commercial producers, want to make improvement as rapidly as possible. 

The breeder who can change the characteristic of his herd or flock most 
rapidly, to provide the type of breeding stock demanded by the commercial 
producer, will have a good market for his bulls, rams, boars, or even 
breeding females. When the percentage of lean in pork carcasses became so 
important to commercial hog raisers, the demand for “meat-type” boars 
soared. Those breeders who were alert to this demand and used most 
effective techniques for improvement prospered. 

Remember the four rules for effective improvement — (1) have maxi- 
mum genetic variation, (2) spend selection efforts on traits highly herit- 
able, (3) observe or measure accurately the traits, and (4) use the selected 
animal most effectively. This chapter discusses the influence of reproduc- 
tion rate on improvement speed, and also Rule No. 4, ways to use the 
selected animal or animals most effectively. 

17.1 Reproductive Cycle and Prolificness 

Com and small grain breeders are envied by livestock breeders in their 
attempt to improve livestock. The characteristics of a corn or small grain 
population can be changed rapidly. Two parent kernels can produce 700 to 
2000 offspring (kernels) each generation. Two crops (generations) can be 
grown in one season, by taking advantage of semitropical climates. Think 
how fast selected traits can be reproduced! Assuming only one ear of com 
with 800 kernels was selected for a new “line” or “strain” and that suc- 
ceeding generations produced only one such ear per stalk, two years* 
reproduction could result in 327,680 billion descendants available for 
planting on farms. The opportunity for rigid selection and rapid duplica- 
tion of selected genes is tremendous, compared to livestock. 

Rapid progress can likewise be made in poultry. Each breeding hen Is 
239 
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capable of producing about 225 chicks per year half of uhich would be 
females Each rooster could sire thousands A complete generation passes 
every year or perhaps in only sc\cn to eight months This explains the 
rapid development of specialized strains of layers and broilers in the 
chicken industry and the equally rapid use of these strains to replace tra 
ditional breeds Selection can be for only the best and when the best arc 
found they can be rapidly multiplied 

Hogs are the most prolific of large animals on farms Sows normally 
farrow first at one year of age thereby completing one generation and 
they can produce two litters per year If the averacc litter size is cicht pigs 
th s means a selected gilt will beget on the averacc four gilts and four 
boars at one year of ace and four gilts and four boars at 18 months 
The potential offspring of a selected boar might also be calculated Two 
years after a boar is selected assuming normal use and natural service he 
might have from several hundred to several thousand offspring available 
for breeding But remember half arc boars and half arc gilts whereas in 
corn every kernel can be both a male and female parent 
Sheep usually do not lamb until two years of age and twins occur only 
about 50 per cent of the time even in well managed flocks So o ewe 
selected now will not have much effect on average quality for several 
generations or many years 


How about cattle’ Most heifers calve at three scars of age (though 
increasing numbers are bred to calve at two or two and one half years) 
and the calf crop ts usually under 100 per cent Though three years might 
be considered the theoretical generation time five years is more realistic 
on the average because of some nonbmeders nbort.ons etc So here tm 
provement by selection is relatively very ,!ow 

IS obvious 's a bottleneck in livestock improvement it 

-asmgZhfi'Jes:”"' improveLnts by .n 


17 2 Predicting Rale ot Improvement 

appraml'’S'prospcc,°ve'bt?e'rnE anf and accurate 

provement The effects nf h will all contribute to rapid im 

selection wem Leased m “f improvemLts by 

between animals XeVmtT' ^ dtHerence 

can be greatest if there is "'’"“Se oj that generation 

=ndif.hea™:,:',“™:“" ™'>'i„ - n-k (Section 

Rate of improvement per ^ (Chapter 16) 

accuracy by simple calculut™ “n be predicted with reasonable 

with the greatest accuracy and'nh animals have been selected 

cuuracy and objeetivity possible mulliply the hentab.bty 
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A 

Weaninc weight of beef cattle 



Av weaning weight of calves selected for breeding herd = 

525 lbs 


Av weaning weight of all calves = 

475 lbs 


Reach = 

50 lbs 


HeritabilUy = 

20 


Predicted improvement = 

Predicted av weaning weight of offspring of 
selected calves = 475 + 10 = 485 lbs 

10 lbs 

B 

Backfat thickness of pigs at 200 pounds 



Av of pigs selected for breeding herd = 

1 4 in 


Av of all pigs = 

1 8 in 


Reach = 

0 4 in 


Heritability = 

50 


Predicted improvement - 

Predicted av backfat thickness of offspring 

(at 200 lbs ) of selected pigs = 18-02-16 in 

0 2 in 

C 

Milk production of dairy cattle 



Av of animals Elected to be parents of herd replacements- 

12,000 lbs 


Av production of the herd = 

10.000 lbs 


Reach » 

2,000 lbs 


Heritability = 

30 


Predicted improvement « 

Predicted av production of heifers saved for the 
herd = 10,000 + 600 - 10,600 

600 lbs 


Figure 17-1 Expected improvement equals ‘reach times hentability ’ Raising either 
speeds improvement 


of the trait times the reach Figure 17-1 provides several hypothetical 
examples Hentability values were taken from Table 15-1 

In examples A and B calculations were relatively simple and direct 
because the traits, weaning weight of beef cattle and backfat thickness of 
pigs, arc observed directly in the potential breeding animals Averages 
have, of course, been adjusted for sex, age of dam, or other environmental 
factors (Section 16 7) and selected males were counted as heavily as se- 
lected females in calculation of the averages Remember that bulls or boars 
transmit half the genes to the offspring 

If selection of only females were made in Examples A and B, and they 
were mated to their own sire, reach would be half as great and so would 
expected improvement 

In dairy herds all cows arc bred and should calve, but only certain 
heifer calves arc saved for the herd Those cows that arc selected lo be 
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parents of herd replacements (Example C) need not be designated, in 
most cases, until they have completed at least one lactation 

The breeding value of the bull that sires a replacement heifer must, of 
course, be estimated (from production of his dam, sisters, or other daugh* 
ters) If the sires of the replacement heifers, as well as the dams, m Ex- 
ample C averaged 2000 pounds higher in “breeding value” than the herd 
average, then the reach given is correct This is certainly feasible where 
artificial insemination is used and perhaps in some other large herds where 
several bulls, ranging considerably in breeding value, are used In herds 
where only one bull is used, however, selection is made only on the basis 
of the dam’s production and reach would be half as great The replace- 
ment heifers get only half their genes from the selected dams 

To calculate expected improvement per year, divide the product of the 
previous calculations by the number of years which elapse per generation 
Livestock breeders also must realize that the improvement achieved by 
effective selection, as illustrated in Figure 17-1, docs not cause a cor- 
responding improvement in total herd or flock averat>e The dams of ant" 
mals not saved for breeding are still m the herd or flock, with unchanged 
genetic merit, and contribute to the herd or flock average A dairy cow 
may produce at the 9000 pound rate (below herd average in Example C, 
Figure 17-1) so her heifer calves arc not saved for replacements But she 
remains 

This, m effect, means that average generation interval in sheep flocks 
and cow herds is considerably longer than the time it takes for an animal 
to produce one lamb or one calf 

These examples of predicting improvement rate are given only to show 
th^at It can be done Remember that certain circumstances can, in effect, 
change hentability and slow or speed up improvement 


17.3 Successful Improvement 

m changed m their characteristics Example: 

DrcvTmlv d ' 'd be more rapid, ai 

coumne? -^banged, several times in somi 
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Figure 17*2. Body length, backfat thickness, and belly thickness of Landrace carcasses 
from the Danish testing station from 1926 to 1957. (Cited by Craft, /. Ani. Set, 
17:960.) 


As time progressed there was probably less variation and by 1936 breeders 
were approaching what was considered the optimum body length and back- 
fat thickness. Selection emphasis was then diverted to other economically 
important traits, such as feed efficiency. 

In the early 1950’s market standards changed and there was renewed 
emphasis on carcass length and leanness. Significant changes were still 
possible, with renewed and rigid selection for these traits. 

Remember that body length and backfat thickness are highly heritable. 
Other traits probably wouldn’t have been changed so fast. 

Table 17-1 shows the change that was evident among pigs entered in 
the Iowa Swine Testing Station during successive seasons after it was first 
used in the spring of 1956. 
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Table 17*1 Average Performance Data of Pigs at Iowa Swine Testing Station, by 
Season* 


Feed Boar Carcass Barrow Per cent Loin 

Season Gain eff prcAie Index lei^th backfat lean cuts eye area 


5GS 

1 89 

292 

1 46 

101 

57S 

1 80 

294 

1 24 

113 

58S 

1 80 

285 

1 22 

118 

59S 

1 80 

296 

1 25 

119 

60S 

1 77 

277 

1 19 

128 

56F 

1 95 

303 

1 31 

109 

57F 

1 79 

319 

1 11 

112 

58F 

176 

323 

1 19 

106 

59F 

1 87 

297 

1 17 

125 

60F 

1 94 

286 

1 20 

130 


29 1 

1 64 

48 5 

3 22 

29 2 

1 60 

50 3 

3 40 

29 4 

1 51 

51 4 

3 62 

29 5 

1 50 

52 9 

3 63 

29 3 

1 48 

53 4 

3 77 

28 9 

1 61 

49 8 

3 50 

29 1 

1 51 

51 7 

3 80 

29 1 

1 50 

52 3 

3 81 

29 1 

1 48 

54 3 

3 94 

29 3 

1 61 

53 7 

3 94 


•Fal/JSfiO Summary Iowa Swine Testing Station Ames Iowa 


Fall data are separated from spring data for several reasons Pigs enter- 
ing the station in the fall have produced leaner carcasses This may be 
because the stress of winter slowed gams considerably Feed efficiency is 
also lower for the wmter-fed pigs 

Note improvement m leanness "withm season" has been large, as indi- 
snH lara ptotw values, Icss backfat, higher percentage of lean cuts, 
total change does not necessanly mean that the 
so H breeders involved, has changer 

boars^tha^ hi*"””!? '^'rr P'™'"''’ identification of musculai 

to improved ability of bmed'emToeW?/ f' 

.=..ng They na.urally JntrbZ ma: Z 




decline may ht^Zn a rnr" reason for t 
organisms may have ^8'ng environment Inadence of diset 

"hat was formerly an alfalfa fieU ThffirsT^' 
spnng of 1956, had use of clean 

good sanitation practices arc folio ‘"'‘jy disease free facilities Thou 
over the years as more hogs arc populations do build 

and as many people visit the station '‘•“'O" from many far 

Improvement of beef cattle n h 

demonstrate because of ih«» ir^J^ * selection is more difficult 

Table 17-2, summarizing data rcoso/inf effect on performan 

Agnculiural Eitpcnmcnt Stauoo r "Pr^rimental herd at the Arkan 

Station from 1940 to I960, illustrates this po. 
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a 
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(ocootot' totOiniAif} mintncd 


-a> <oo>ot^o iftONc 

)co coooo>coo> o>cot*coco coc^eoc 


omo>eoce -tMt-xft 
)ir>eoo3 «*«•«» 

ri*^«oeo^ cotortrt 


| e!5oloo<ooc~ ^raoTOt- oco^mm t>ooNin 
^■J 3 cj 9 u 7 »rt^^ <ocn^Tr^ tn ■*r eo n n n n ta 


u b4 

I c 

oo*oc>it^ eoeocoot^ 

£oia »oe>eoc>eo «ot~c»o»c> coot 


»rt«ot“«Do o«-<cvar>v mtoc-eo 

^ •!“ ^ ^ ^ ^ ^ ^ ^ *rt irt ir> irt irt 4rt irt »o 

OCSOOO tJlOOOC* OOOOC> oooo 


1359 57.5 38.90 387 18.1 15.2 12.6 51.2 

56^9 42^81 366 IW 15.4 12.4 50.7 

•C. J. Brown, ArBrnsos Agr. Exp. Sta. Bull. 597, 1958; and from private communication. 
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Hogs are usually fed a concentrated ration in drylot so environment docsn t 
va^ tM much from season to season But weaning weights, type score 
and other traits of cattle and lambs arc greatly influenced by rainfall which 
controls pasture growth 

indicates steady improvement in weaning 
ll flow “""I 1950 From 1952 to 1956 the drasu 

faleam T" ‘‘"1 average temperature had a se 0 

3 m luVl and™ '» '<« 

have mnuenced peTmLcf 

of ca°rIZ‘’sL“h ■" '’iKiiImg slo-k be reflected in qualii) 

f™.ere„Tan?lrf, ^ illustrates both im 

chosen on the basis of Ai'ehfrT^ ^'*“’‘=‘1 “'1'=" l^^rs were 

carcass tests on two EMem C^adi^" 

low boar were initiairv slaer, “P^^nieURl fonns A ‘high" and 
dom sows High and*^ "'=“‘1 

leaed to sire subseauent oe offspring were then successively sc 

„ent “‘’^'qiicnt generations Note the drastic spread in carcass 


Table 17 3 Gra. 
Testing Utter Mj 

ites* f'O"' Hop Sired by Boars with High and ha* 

Progeny of 

l8t Generation 
_ A B c 

2nd Generation 

A B 0 

3rd Generatlco 
A B ^ 

High boar 

Low boar 

% i~ 

66 32 2 

51 48 1 

% i~ 

69 31 

23 61 16 

% » ? 

81 19 

9 82 9 

‘•■re err CmrloOm. clAar Torwu, ' 




Natural Serv.ee 

«'''iS‘‘s:: 'rntT" ■" ■"-i’”' ■ 
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in oommerarafS^o'™’™ H 3)”' 

Shock 1"*‘ ‘o iSinSi Sk '“"’I's bom e 

rams be saved ft 

Vano'f I’o saved A sIT l=ss than 10 
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Figure 17-3. Ram selection can be 
more rigid than ewe selection. So the 
reach on the sire’s side can be larger. 


Ram 

lambs 


selected ram 


selected ewes 


Average merit 


Ewe 

lambs 


by one boar, cows by one bull, and ewes by one ram (Table 17-4). Such 
guides may be used, though they do not fit all circumstances. Effectiveness 
of a bull, ram, or boar depends on his age, size, inherited sexual instincts, 
sperm production and motility, season, and whether the herd or flock is on 
pasture or animals in heat are routinely sorted out and put in a breeding 
pen. Chapters 11 and 13 discussed some of these influences. 


Table 17-4. Suggested Services for Boars, Rams, and Bulls in Natural Service 



Services per week 1 

1 Ser 

vices per breeding season 







8-12 mos. 1 

Mature 




Mature 

Breeding pen 

8 

12 

60 

12 

30 

50 

Pasture or range 



40 

6 

15 

25 


A topnotch sire can be used on more females if those in heat are placed 
in a breeding pen with the sire for service, than if the sire runs with the 
entire herd or flock. This, of course, requires more labor, but the increased 
use of a high quality sire, rather than the additional use of a “second place” 
male, might be worth the effort. Such practice also facilitates recording 
of breeding dates so lambing, farrowing, or calving time might be more 
accurately anticipated. 
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Flunre 17*4 Forty bull* from one 
county, plotted on a “scale of ment 
A rancher m Montana with 600 co>*s 
and heifers need* 24 bull* if pasture 
mating ts practiced, according to Table 
17-4. using them ts^o year* Suppose 
he sets out to buy the best 12 bulls m 
the county each season from other 
breeders Note the reach on the sires 
side IS much higher if he uses artificial 
insemination and need buy only one 


17.5 Artificial Inserainahon 

An ejaculale of semen from a boar, ram, or bull usually contains over 
eiac r o' fertilization at the tune of 

m Tol “"'y sperm unites with each ovum that « 

Ltce aiS'b if <=' ■" 

tively small oiiani insemination is usually diluted and rcla- 

St ”"s^f. 'T T so that a single ejaculate 

and species bit aMrowLf sperm number and motUity. 

400 fVr cattle Cumnl f six for hogs, 50 for sheep, and 

semen and maintenancl ff ° 

inseminated per ejaculate females might be 

to,rfh=”nltT f" “-"y. -d ■" 

astronomical with artificial *^”’*‘“* offspnng from a top-notch sire is 

further, on 

stock (Figure 17-4) ’ S^neration m our quest for improved 

Naturally the illustration above u a theoretical example, but tt dlustmtes 
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that artificial insemination does allow more rapid progress in livestock im- 
provement. Though much labor is involved in checking herds and driving 
in cows that are in heat, artificial breeding is catching on in many range 
herds. In addition to faster improvement, ranchers have feed for more 
cows, since fewer bulls are kept. 

Dairy herd owners first used artificial breeding on a large scale in the 
United States, primarily because of ease of detecting cows in heat and of 
inseminating. The percentage of dairy cows bred by artificial insemination 
in Iowa increased from about 21 per cent in 1951 to 44 per cent in 1960. 
In 1961, over one third of the dairy cows in the United States were artifi- 
cially inseminated. Use has spread to beef cow herds; a significant portion 
of the business currently being done by artificial insemination organizations 
in the Midwest is with beef breeds. 

Semen can be frozen and stored for months, so the merits of an excellent 
sire can be “banked” and used even after his death. Frozen semen is rou- 
tinely shipped long distances, allowing several herd or flock owners to share 
a bull, boar, or ram. 

17,6 Embrj'o Transplanting 

The genetic merit of top quality females in livestock herds and flocks 
may also be used more efficiently. An excellent cow, ewe, or sow may be 
allowed to produce more ova during her lifetime. Realize that in natural 
reproduction a prize cow usually has only one ovum conceived per year. 
She spends three months nursing a previous calf and preparing for the 
next pregnancy, and the other 9 months pregnant. Is this necessary? Per- 
haps hormonal treatment could be used to promote production and release 
of many ova, the female be bred, and zygotes later be removed and trans- 
planted to other females which would serve as hosts during pregnancy. 

Much research in farm livestock has been directed toward making this 
technique practical and useful, and a number of successful transplants 
have been made in sheep, cattle, and rabbits. There are so many problems 
associated with this procedure, however, that little application of the tech- 
nique on farms is predicted in the near future. 

17.7 Crossbreeding Programs 

Crossbreeding as a system of breeding is discussed thoroughly in Sec- 
tion 18.4, but is also mentioned here because it helps speed livestock 
improvement in some cases. It is another of the techniques breeders em- 
ploy to make the greatest and most cflcctivc use of selected breeding stock. 
The cficct — hybrid vigor (Section 18.5) — is temporary and apparently 
exists only in the first generation of offspring, h is not a trail that is 
transmitted to subsequent generations. The benefit is more noticeable in 
traits associated with general health, prolificness, and livability of offspring. 
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Mating systems foHoucd by successful livestock breeders 
vary depending on species, the breeders’ goals, and other 
factors Inbreeding (Section 18 2) is used pnmanly to de- 
velop inbred lines of livestock for later crossing just as in developing corn 
hybrids Few livestock raisers inbrced wiihm their herds or (locks because 
of certain risks and disadvantages Crossbreeding, however, is widely used, 
especially m swine herds and sheep flocks (Sections 18 3 to 18 7) 

Vanous types of mating systems arc described in this chapter and the 
situations in which each might be used most effectively arc listed The 
mating system to be followicd often influences boar, ram, or bull selection 
Once the breeding animals arc selected, the mating system or breeding 
program should make maximum use of their traits, or genes 


18 1 Random Mating 

ThlJ’.rnw'*! '"^>“’8' do not imply mating without selection 

sdec,erfewes°he,farorgms 

coSeTX!!® ""“r "’“""S" s'oA arc not 

bulls run with allTh together and mate at random All 

IS pm™aT t ,h! h a r’ *‘>h gilts at random This 
migrpmduc Lurin''"’' no knowledge that certmu controlled matings 
cr no=rcan betolf,? “"d an entire herd 

with more Ln one sue h?er”"u P“"=>>'-8d herds and floclts 

be known and recorded ’ ‘’'“n animals must 

could be gamed by'Ipeaiirma'lmK 'T”" nPPnt'nt that much 

soun for example, may raise feeS ^ “mmercial Angus raiser in Mis 
also will select and keep a certain ^ f'”' Com Belt feed lots, but 

Since he naturally wants tn ™mber of his heifers for replacements 
probably breed his best bull herd, he would 

heifers Resulting heifers would probaHv*^^ topnotch replacement 

probably be noticeably better than heifers 
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that could have been selected under random mating. The bull calves born 
from these matings might be good enough to sell to another breeder, or, 
if castrated, bring top price as fancy feeders. 

18*2 Inbreeding 

Inbreeding is defined as mating relatives. The more closely the sire and 
dam are related, the greater the degree of inbreeding. Many species of 
plants can be self-pollinated, giving the highest degree of inbreeding pos- 
sible. Inbreeding cannot be that extreme in farm animals; maximum in- 
breeding in a herd or flock of livestock would be continued brother-sister 
matings in successive generations. Even this is seldom practiced, however. 

Nearly all purebred animals are inbred to some degree. Since matings 
are confined to registered animals which usually have some common an- 
cestry, any two animals mated would be more closely related than two 
animals selected at random within the species. A purebred Duroc boar, for 
example, has some ancestors in common with any Duroc purebred sow to 
which he might be mated. The common ancestors may be only one or 
two generations earlier. If so, the degree of inbreeding would be rela- 
tively high. If there were no common ancestors closer than five or six 
generations, the degree of inbreeding would be insignificant. 

From a genetic standpoint, relatives are more likely to have the same 
genes than animals selected at random within the species. Herein lies the 
explanation of the reasons for and also the disadvantages or risks of in- 
breeding. 

In general, livestock raisers usually inbreed to concentrate the good 
genes known to be present in an animal or family into certain future off- 
spring. Such offspring are therefore more likely to be top quality and also 
to beget top quality offspring. Since they carry many good genes, they 
will probably transmit many good genes, 

A sheep raiser with 25 ewes, for example, may have five excellent ewe 
lambs selected to use as replacements in his flock. All were sired by an 
excellent ram. The ewe lambs inherited half of their genes from the ram 
so their genotypes arc probably relatively similar. Since the ram and ewe 
lambs show excellent traits — gains, wool growth, meaty conformation, etc. 
— they probably both carry many genes which promote these traits. 

If the raiser keeps the same ram and mates him to his own daughters, 
chances arc high that the resulting offspring will be very’ high quality ani- 
mals. Since there is considerable evidence that the ram and his first 
daughters both had excellent genotype, chances arc very high that, if 
mated, their offspring \sill inherit many of these good genes. 

The sheep example above is a specific type of inbreeding called “line- 
breeding." Tins is the most common type of inbreeding in most purebred 
or grade herds and flocks. Once a sire is proven to be excellent, by his own 
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performance and that of his progeny continued use of him on his progeny 
tends to concentrate his genes into the line of breeding 

The theoretical goal of Imebrceding is to finally dc\clop a family of 
animals that carry only the good genes and breed true for all trails in sub- 
sequent generations A more practical and realistic goal is the development 
of inbred lines or strains that will breed true for certain traits Two lines 
might be developed for different traits then animals from each line mated 
to give offspring writh both sets of traits (Section 18 4) 

Inbreeding is not recommended for most farms and ranches because of 
certain risks and disadvantages Just as mating relatives tends to concen- 
trate good genes in individual offspring so docs it tend to concentrate bad 
genes that might be present in the family (Figure 18 1) 


Sire 



Fleure 18 1 Genotype of possible off 
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two catlle which carry the dwart 
gene If ihe cow and bull are relatw 
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when the goal is eventual development of an inhred line. Assume the btdl 
and four JVn cows (Figure 18-1) are considered the original stock for 
development of an inhred line. Half of the original genes are n. One gen- 
eration later, after the dwarf is culled, one-third of the genes are n. Con- 
tinued mating within this line and continued cuUing of dwarf calves would 
further reduce the proportion of n genes and the line eventually would he 
relatively true breeding for the N gene, having very few n genes present. 

It is also apparent that inbreeding spreads out a population, giving 
more genetic variation. So culling, and selection, can be easier and more 
effective. 

18.3 Outbreeding 

The opposite of inbreeding is outbreeding. Animals to be mated are less 
related than the average of the species, so are likely to have different geno- 
types. “Crossbreeding,” where a ewe, cow, or sow is bred by a ram, bull, 
or boar of a different breed, is the most common example. 

Outbreeding may occur within a breed. This is called “outcrossing” 
and is usually done by a breeder for the sole purpose of introducing a 
desired trait (actually genes for the trait) into his line or herd. Outcrossing 
may be a temporary interruption in a linebreeding program, practiced 
when the breeder feels the line he is developing lacks in a certain trait, 
and that an outcross with another line would provide the trait. 

A Hereford breeder in Texas, for example, may be developing a line 
of cattle with good traits except that they are low in milking ability. He 
may took to some other line of Hcrcfotds, noted for good milk ptodnetion, 
for a bull. The use of this bull for several years should gradually increase 
the average milk producing ability of the herd. 

18.4 Crossbreeding 

The primary object of crossbreeding is hybrid vigor — the tendency of 
olTspring of a “cross” to perform better in certain traits than the average 
of their parents. The traits which most often demonstrate hybrid vigor, and 
the genetic basis of this phenomena are presented in Section 18.5. 

Crossbreeding may also be done to introduce new traits from some 
other breed into a commercial herd or flock. An example is the typical 
ewe flock in the Rocky Mountain area. Most ewe flocks originally were 
of relatively pure Rambouillet or Merino aneestry. Both are “fine-wool’' 
breeds, and the Rambouillet was developed primarily from the Merino, so 
they are similar. Being fine-wool breeds, they have been developed with 
strong scleetion for heavy production of high quality, fine diameter wool. 
The high value of wool justified intense selection for wool. Because the 
rangy Rambouillet ewes sserc more adapted to the rough terrain, most 
flocks had little evidence of “meat type” conformation. 

In time, wool prices declined. Lambs not needed as flock replacements. 
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formerly considered a by product of wool production became relatively 
more important Since lamb feeders prefer blockicr lambs that will pro- 
duce a higher proportion of meaty cuts than typical fine wool sheep it 
became apparent that such lambs would bring higher pnccs if they earned 
some meat type breeding 

Flock owners gradually began using more muscular rams — ^Hampshire 
Suffolk and others— on many of their cwc< The fine wool ewes still pro- 
duced top quality fleeces but also produced feeder lambs more desirable 
for feeding Enough ewes were bred to fine wool rams to provide needed 
flock replacements The genes for meatiness and muscling simply were 
not present in the fine wool breeds to the degree needed 

A Midwest farmer with a herd of grade beef cows may occasionally use 
a Holstein Milking Shorthorn or crossbred bull to provide genes for in 
creased milk producing ability in his future heifer replacements 

Hog producers often use a Duroe boar to increase prolificncss in later 
generations a Landrace to increase length or a Poland to increase mus 
cling Other breeds might also be used to provide these or other desired 
traits 

Crossbreeding between or among breeds naturally causes mixed and 
nonuniform color patterns among offspring This is of no consequence for 
meat milk wool or egg production TTiosc who still appraise the produc 
ing ability of an animal by color patterns or shades have not learned that 
beauty is only skin deep 


18 5 Hybrid Vigor 

Crossbred animals— pigs sheep or catlle— lend to bo more rigorous at 
and soon after birth and more remlam lo environmental stresses so they 
fv' » ■' « 'hair lime to reproduce than 

I"'®'.” ‘Table 18 1) Hybnd vigor may also be 

ably°dernon "t hy those above but is not notice 

S h as carer Composition oharaetenstics 

boar “ rtedrr”’°“'°"r 7“°' "™h=r of teats (If a lean 

sZ l,er7Z ° ? r"” be differeul from ihe 

between the pur, sreTrirsebt^^^^^^^ 

other breed Datrfor throRs" '"“arl 'o boars of every 

cross Pure oicshaH matings are summanzed after 

Why urVcrossbmd ''"8'= breed 

more prolific"^ The discipline^ usually more vigorous faster gamers and 
It was previouslv °! rnay provide some explanation 

production Good genes are mo '0"<is to help hvestoci: 

are more likely to be recessive " rlouiinam genes bad gen» 

genes Figure 18 2 shows hybnd vigor that 
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Table 18*1. Influence of Crossbreeoing on Weight at Eight Weeks and at Five 
Months* 


Breed 

Litter size 

Pure or 
cross 


Weight 

Birth 

Weaned 

8 weeks 5 months 

Berkshire 

8.1 

6.1 

pure 

29.9 

124 




cross 

34.8 

157 

Du roc 

10.3 

6.7 

pure 

36.6 

159 




cross 

35.8 

159 

Hampshire 

8.7 

6.6 

pure 

31.1 

144 




cross 

39.6 

166 

Landrace 

8.2 

6.3 

pure 

33.2 

150 




cross 

38.0 

176 

Poland 

8.0 

6.3 

pure 

37.3 

165 




cross 

38.4 

173 

Tanworth 

8.9 

7.0 

pure 

31.8 

134 




cross 

36.5 

155 

Yorkshire 

11.9 

10.5 

pure 

35.2 

143 




cross 

38.2 

150 


•L. N. Hazel, Iowa State University. 


might result when two hypothetical breeds of hogs are crossed. The ex- 
ample is extremely over-simplified, compared to a true situation. The two 
traits, (1) number of pigs bom per litter and (2) percentage surviving at 
10 days, are each presumed, only for the purpose of illustration, to be 
influenced by one pair of genes. The two breeds have been developed, 
over many generations, by selection for different traits. Breed A has been 
selected for number of pigs born per litter and is now carrying only the 
dominant good genes for this trait. No selection has been exerted for 
survival in Breed A and assume, for now, that the genes carried are re- 
cessive and contribute to low survival. In Breed B, the exact opposite is 
true. Selection for survival has been successful but number of pigs bom 
per litter is small. Take a look at the genotype and phenotype of the off- 
spring. 


Figure 18-2. An extreme and ovcrstmplined illustration of the genetic basis for hybrid 
vigor in hogs. Genotypes arc given in parentheses. 


Breed A Breed B 


Number of pigs 
born per Utter 
Per cent surviving 
alter 10 days 
Number of Uve 
pigs at 10 days 


16 (AA)* 4 (aa) 

25% (bb) 100% (DD) 

4 4 


Crossbred 

offspring 


16 (Aa) 
100% (Db) 
16 


•Gmotype* are given in parentheses. 
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In the example above the offspring not only performed better than the 
average of the parents, they performed much better than either parent It 
IS emphasized that this is an extremely over-simplified example Rrst, 
many pairs of genes influence each of the traits Second, variations in 
environment do not allow performance to be completely controlled by 
genotype, especially in prolificness and livability Third, it is unlikely that 
either breed could have been inbred and developed to the point of carry 
ing only good, dominant genes The extreme slowness of developing rela- 
tively pure inbred lines was discussed in Section 17 1 And the more gene 
pairs that are involved, the slower it would be Fourth, it is improbable 
that each breed would carry only bad, recessive genes influencing the trait 
which was not selected for 

Some crosses yield more hybnd vigor than others To really capitalize 
on hybnd vigor, therefore, it is practical in some species (especially 
chickens) to develop many lines and make all possible crosses to determine 
which crosses are most effective and profitable Those lines or breeds 
which yield, when crossed, most hybrid vigor are then maintained as 
sources of breeding stock 


18 6 Rotation Crossbreeding Programs 

In commercial production of “single cross” hybnd com or hybnd 
chickens, inbred lines are maintained for both parents This is practical 
because a kernel of com that serves as a female parent can yield 800 or 
more offspring An inbred hen can beget 200 to 225 chicks per year And 
It Msts relatively little to produce and maintain a kernel of com or a pullet 
r«if nlf f breeding age is expensive She can produce only one 

but sun 1 * expensive to raise and more prolific, 

but stm stnkingly different from com or chickens 

lines of ** financially impractical to maintain inbred 

ranch” m. stock on farms and 

otlspnni! m '^'t^'ng them Only half of the 

pn™„rm product, on has been 

n.,sed;Lhetd'°o„,fs:S'rn„T'’r'''"® 7 

much hybnd vigor sv.thoul extra e^t s.n ^ n 

s^me. they w.l, be used as an example ImT " 

be relauvely unrehted'To^ rte fo™Sr“' program should 

breed, and should eanyadduLT^^”" ® '' ^ 

to be improved m the herd certain traits that need 

P'gs "111 be more ngorou! ‘^'“P crossbred 



BREEDING PROGRAMS 


257 


START 



FIguK 18-3, A rotational breeding program in a swine herd. Starling with gilts ot 
relatively pure breeding, relatively unrelated boars are used in successive generatioi«* 


vigor. More will probably survive and they will gain faster. When the 
giVts WKVxmVy ihc:^ be moje prolijic 

give more milk. This is a big advantage to rotational crossbreeding as corn- 
pared to maintaining inbred lines for female stock. 

The crossbred gilts (50 per cent Landrace; 50 per cent Duroc) are-th^R 
mated to a purchased boar unrelated to them. This boar (a Poland) is al^o 
selected, not only to cause hybrid vigor, but also perhaps to supply sortie 
new or additional good genes for certain traits in which the gilts may 
lacking. Female otTspring of this cross, to be saved for subsequent matiitg 
to a Yorkshire boar, arc 50 per cent Poland, 25 per cent Duroc, and 25 
per cent Landrace. 

Gilts sired by the Yorkshire boar contain only 12Vi per cent DurdC 
breeding, so could be mated to a Duroc boar and hybrid vigor would stjH 
be expected. 

Many who follow such a rotational breeding program in their swipe 
herds employ only three breeds. The gain in hybrid vigor by using the 
fourth breed is small, and breeders often find it difficult to locate good 
boars, with the traits they want, of four difTcrent breeds in their area, ^t 
is belter to use three good boars in a rotational program and lose a trace 
of hybrid vigor than to use three good boars and one poor boar. 







iffr.w?".,'*'”'''!,”' ''2*’ °" '’™“ "' '"Stly crossbred and so contain 
var ely of color patterns (Iowa State Univers ly) 


tiiri'^ !r sample crosses are made to see which mating will yield most 
‘ involving only two lines or breeds so do 

XsTe J “n' «>"’>>‘"=«o"s Of lines in rotational pro- 

rnoeram tmV nj' '“S'"’'’' ’’"'i ysM most benefit One such 
stations and thc'^TKriA involved 13 different state expenment 

known to ho k n result was three specific lines that were 

aroThe! drlr y'sor ns well 

always feasible th^' V" Pmgeny This thorough a program is not 
piTvSe^™* .1®^,"’^"'"“ *“'"'■* mThe 20 year penod 

pror.ams 'hn. ratsers could use m their own cross.ng 

vigor and in rangrsheeo'taw'T Pro^notion for hybrid 

better feeder lambs apptatlon^s'’no^''' 

fits at the present time J . widespread m beef cattle Bene 
m hogs for several reasons ™ 

joung calves as on voune moc '“""’"mem is not as great a stress on 
advantageous (2) Inbred*^ h "S"r at birth may not be as 

tested in crosses and there nre^ well developed and 

and therefore also feeders n. <3) Some paclters 

markings iscnuitnalc against cattle with mixed color 

Benefits would definitely be wo„i. h , 

Pnnctples apply as ^ogs and she^„ t^;*" however because the same 
P Many beef raisers are crossbreeding 
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Though few inbred lines exist, crossbreeding between breeds or between 
relatively unrelated families within breeds can be profitable. 

Crossbreeding in dairy herds, likewise, is not common. The first and 
second reasons listed above for beef cattle also apply to dairy cattle. Also, 
certain breeds may be preferred because of the volume and composition 
of milk they produce. One specific breed might be used by dairymen in 
an area where milk is purchased primarily on a volume basis, and another 
breed preferred where a premium is paid for high butterfat production. 

18.7 Will the Advantage of Crossbreeding Continue? 

Hybrid vigor, though influencing the whole animal, is expressed in a 
limited number of traits — mostly those related to prolificness, livability, 
and rate of gain. 

Remember that we are continuing to select for prolificness, livability, 
and rate of gain. Crossbreeding is employed only to gain the greatest pos- 
sible use of selected animals. If livestock breeders could ever reach, by 
selection, the optimum level of prolificness, livability, and other traits pro- 
moted by hybrid vigor, then the benefit of crossbreeding for the purpose 
of attaining hybrid vigor would drop to zero. 

Some sheep ranchers in the dry, range country of western Texas do not 
appreciate twins. Ewes aren’t able to graze enough forage most years to 
provide milk for two. A single lamb has a distinct advantage. So cross- 
breeding for the sake of increasing prolificness is not advantageous here. 

Perhaps improved shelter and management — environmental control — * 
will raise prolificness, livability, and rate of gain to an optimum point. Per- 
haps some of our herds and flocks now have the genetic potential for 
optimum production if environment were optimum. 

It is unlikely that selection will be effective enough in the near future 
to eliminate the benefits of crossbreeding in swine raising. Poultrymen are 
still crossbreeding, and they arc way ahead of the swine raiser in selection 
achievement. For sheep and cattle, the hope of reaching an optimum level 
of production by selection alone seems infinitely remote. 
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A breed of livestock is a group of animals that result from 
breeding and selection and which have distinguishable char- 
acteristics In most cases, selection has been practiced for 
many generations m order to fix certain characteristics m the breed 
It IS apparent from historical writings that breeds of livestock once 
existed that are, for all practical purposes, extinct today These breeds may 
have reached a certain stage of development, then were crowded out by 
new and better animals Or, as is known m many cases, several former 
breeds may have supplied foundation stock for development of a new 
breed 


The reader should be reminded that only since the middle and late 
1800 s have most breed registry books been closed to animals whose par- 
ents were not registered Before they were closed, genes from other breeds 
or strains were often introduced into a particular breed in this or other 
countries y certain matings, in an attempt to improve certain traits of 
me breed This was certainly a practical thing to do since livestock raisers 
concerned with maximum and efficient production than with 
extremely uniform color markings 

discussion of all of the live 
esriam "" Sh>l=s Rather, it will simply 

breeds fit in th different breeds, discuss just where present day 

ft touos or h of ''V^stoclc industo-, and briefly disenss 

groups of breeds commonly raised in the United Ltes today 


19.1 MTiy Breeds Have Developed 

ol m™! md’k^"^d/o'’rToo'r wiih”'^^ meteased production 

Uvestock prinLTL onv.rnnmental area 

adapted to certain areas nr some animals were more 

raiser m the roueh mnnnt situations than others A sheep 

tcventcenth centmy', for examX’ o' ®“"“d m the sixteenth or 

in his flock v.ere mon* *>^1 observed that certain sheep 

tnre footed ton ^o=ky terrain They were more 

others, would grace faster and closer, and therefore could 
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produce more wool. He and other sheep raisers of the area naturally saved 
offspring of these particular sheep and not of the others, so in time there 
may have developed a sheep breed that increased wool production in that 
particular environment. 

At the same time a sheep raiser in some fertile valley in England, where 
nutritious grass and root crops grow well, may have observed that certain 
of his rams and ewes consistently produced lambs that fattened and were 
ready for market quicker than lambs from others. They apparently were 
able to make better use of the feeds produced in this area, to produce 
meat and at the same time produce a good fleece. He naturally developed 
his flock by selecting replacements from his best ewes and rams and 
eventually he and his neighbors, or their ancestors, may have developed 
a breed that increased meat production under those particular conditions. 

In brief, most breeds have developed from animals that were particularly 
well adapted to a specific environment, producing in that environment the 
kind of product desired. 

The above examples have been repeated in some manner hundreds of 
times, among all livestock species, and in nearly every country on the 
globe. In England, almost every valley has a separate breed of sheep. In 
Germany there are five major breeds of cattle just for the lowlands — one 
mainly for the heavy soil area, one for the lighter soil, etc. There are 
seven major breeds of mountain cattle in Germany. In Norway, because 
of the great range in latitude and soil type, there are seven important 
breeds of cattle, and no one breed is normally found in more than half 
of the country. 

It is certainly possible that two or more breeds may have been developed 
simultaneously for adaptation to and top production in the same kind of 
environment. This was certainly feasible in the seventeenth and eighteenth 
centuries, when most of the world’s present breeds were being developed. 
With little or no communication, livestock raisers in one section of the 
country or world could have been totally unaware of developments oc- 
curring in other regions. This may explain similarities in production traits 
observed among two or more breeds today. A breed of dairy cattle, selected 
and developed for roughage utilization and maximum milk production in 
southern Sweden, for example, may have similar production traits and be 
adapted to the same kind of environment as a breed developed for the 
same traits in southern Chile. 

There is a certain amount of pride associated with breed development. 
Those who have been responsible for development of a breed want the 
breed to be unique, at least in color markings and other obvious traits, as 
well as in production characteristics. This pride is passed on, through 
generations of breeders, and has persisted for centuries in most breeds. 

In the first paragraph of this chapter a breed was defined as a group of 
animals with distinguishable characteristics. These distinguishable char- 
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actenstics — usually color markings, but also sometimes wool cover pat* 
terns, size, and shape — soon become an effective and well-knoMn “trade- 
mark,” though they may have little economic significance in terms of 
meat, milk, and/or wool production 

19.2 Chronology of Breed Development 

Breed development may have begun soon after animals were first do- 
mesticated Though time of domestication is not known for all species, 
reports indicate swine were domesticated in Eastern Asia about 2900 B C 
and in Europe about 1500 BC Cattle and sheep were domesticated in 
prehistoric times The Bible contains many references to use of the van- 
ous livestock species and hints that some attention had been paid to differ- 
ences in producing ability among animals Table 19-1 presents a sketchy 
chronology of the development of present breeds 

Several significant items are apparent in this table The first is the 
early development of distinguishable breeds of cattle for milk production 
This may have been influenced by the recognition of milk as a valuable 
human food efficiently produced from forage Development of specific 
dairy breeds in the certain areas also may have been encouraged by local 
customs of cheese or butter making Since milk was a highly perishable 
product that had to be produced in the immediate area, cows which were 
the best producers were easily identified Local pnde for high production 
and uniformity, and the proximity of the cattle raisers, may have allowed 
and encouraged exchange of breeding stock and development of a specific 
breed within the area 

The Holstein Fnesian cattle are known to have onginated in western 
years ago, in the area now known as the Nether- 
thev Holstein was not attached to them until 1864, 

befLe ThP selected and relatively uniform in traits for many years 

^nd Ayrshire also developed 
in accord with th ^ 'Hie Brown Swiss were developed 

esSlv win Switzerland, the Jersey were 

sit'"* ■"* 

24 tare mtles te twe td"'"'' f' 

economical beef production . ^““’’med good milk production with 

mcomeareacfso“emttd‘’''n''’= 

Groups of animtt^f bteed developed 

graphical area where they were'S'td ““ll 

known by the name of or developed, and often became 

these breed development nr breeders who were involved m 

’^ere probably not aware thaJftST ® centunes 

today ^®re developing a breed as we know it 
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Table 19*1. A Chronology of Breed Development* 


CATTLt; I 

YEAR 





A.D 



DAIRY DUALPLRiiOSE BEEF j 




Angus^- Scotbfld 

Jssa 


about J500 B.C • 

About toe B C • 



Angora goat AsU 

Holsteln-FrlesUn Europe 

Shorthorn QigUnd 

IS7S 







about 1000 A. 0 • 

Guernsey • Guernsey IsUnd 


1600 





(62S 





1660 





161S 





1100 

Berkshire England 


Jersey • Jersey bUnd 


' ms 

! 

Uneotn • Digbnd 

Hereford &<gUnd 

nso 





Leleesler • Digtand 



1 ms 


Ramboulllel Trsnee 

Southdown • England 

e Holstein^ 

Ayrshire • Scotbnd 

• Shorthorn 

1600 


Cheviot • Englud and Scotland 

Brown SvUui • SwttsertAfld 



j Chester White • PennsylvinU 

1 Yorkshire Tamwarlh etglsnd 

1 • Southdown 

e Ayrshire 

• Hereford 


Hampshire U a 

Romney . &»gUnd 

I6» 

• Oerkshtre 

• Cheviot 

Hampshire Dorset England 






l>olsnd Chins Ohio 

• RambouUlet Hampshire 

Bed BoU ■ 


I860 


Cotsirald Oxford • England 

•Jersey 

• Brahms ' 


■ Angora goat, Oxford 

Shropshire, Suffolk - England 





Duroe • U a 

• Shropshire 

,• Brown Swlsl 


isrs 

Corrirdale • Nrw Zealand 


•Tamworih 



1800 

• Yorkshire 

Vsndrsce Denmark 




f^MNted RitandCtiini • Indiana 

• Roinney Karakul 

Columbia - U a 



SsnU Ceriradls • t a 

J«5 

Krrelord • Stlssmirl 



Bcefmsster • V & 



Targhe* . U a 








19M 

Snnn.1 I Mont 1 Sly 1 Paloust . U a 

DrhouUlel, Monudale • U a 


Chsrhrsy • V a 

Amerlesn Laodrsce > V a 




1916 





10CO 




* Brocd names not preceded b> a black dot arc placed to 8ho» the approximate time the 
breed attained Identity as a breed (though the name may ha\c been different!, according to 
Information a%allaUe, and the area where it was developed or became Identified as a breed. 

* Breed names that arc preceded bj a black dot are placed to show the approximate time 
anlmala of the breed were first imported Into the Iftiited Sates, according to fnformatfon 
available. 

' "Information gathered from many sources. Including, with permission. H. M. Briggs, Ufod- 
1 «r(i ilreecfs ^ Littstoeb, second iditlon. The Macmillvi Compar). New York, 1958. 
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In contrast to early dcvclopmcm of our presently popular dairy breeds, 
beef breeds, and some of the sheep breeds, many of today’s swine breeds 
are of recent differentiation. This docs not mean that hog raisers centuries 
earlier did not have breeds. History indicates they did. It probably docs 
mean that the higher prolificness of swine has allowed swine raisers to 
develop new breeds more rapidly (Section 17,1), to more adequately fit 
the environmental conditions. As the United Slates was settled, breeding 
animals were brought from Europe and used as foundation stock for breeds 
adapted specifically to this country. At the same time, European breeders 
used some of the same, or other breeding stock, to develop new breeds for 
their needs. 

It is apparent in Table 19-1 that many of the breeds we now use were 
developed in Europe, especially in England or Scotland, Certainly the 
livestock raisers in these areas were industrious, observing, and good 
selectors of breeding slock, but this docs not mean that livestock raisers in 
other areas were latent in breed development. 

Remem^r that most of the early American settlers came from western 
uro^ and that much of our trade and communication has been with this 
area l^cau« of closeness, ancestry, similar habits and customs, etc. Rccog* 
Sur / topography of much of the United States is 

ihat was well adapted to 
United States Europe was likely to be raised successfully in tb* 

and have°suM«tf.ul bmed formation 

their conditions. Only in rc«m‘'yeaT'’h 1'’“'’" m'er 

countries been tapped as sourirnf v 

ment in the United States ® livestock improve- 
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ful for the vanation and simply says, “There is more variation within the 
breed than among the averages of breeds,” and everybody stays happy, 
but totally uninformed 

That genetic vanation exists simply indicates that the breeds are not 
genetically “pure ” Though essentially all animals in the breed may carry 
the same genes for color markings or other noticeable traits, there is con- 
siderable range in genes present which influence other traits As long as 
cross fertilization of male and females are required for conception in live- 
stock, breeds or lines of animals totally pure in gene composition will be 
impossible to achieve, except by pure chance Even if such occurred by 
chance and a male and female of identical gene make up were mated, the 
breeder probably wouldn’t realize it 

It IS possible that some of the variation in production traits which exists 
today within breeds has been allowed by selecting, in some cases, on the 
basis of color markings, unimportant phenotypic traits, and fads, rather 
than stnctly on the basis of economic merit This may have allowed not 
only increased variation in production traits, but also lower average pro- 
ductive ment 

Remember, of course, that some genetic vanation is essential in order 
to make progress by selection (Section 14 7) 

19.4 Cattle Breeds 

For purposes of adaptation to geographical areas and products desired, 
cattle breeds have differentiated into three general groups — dairy, dual- 
purpose, and beef The most common breeds m the United States are 
listed below 

Dairy Dual-Purpose Beef 

Ayrshire Holstein Milking Shorthorn Angus Charolaise 

Brown Swiss Jersey Red Poll Brahman Hereford 

Guernsey Brangus Santa Gertrudis 

Charfaray Shorthorn 

The classification given is not completely descriptive An estimated 40 
per cent of the beef consumed m the United States, for example, comes 
from cattle that arc pnmanly dairy breeding Similar breeds in some other 
countnes are the maior source of beef The A>rshirc was considered a 
dual-purpose animal during much of its early development, and the Brown 
Swiss IS considered such by some breeders today Though the Milking 
Shorthorn is a distinct part of the Shorthorn breed, some cxcclJcni dairy 
herds of Milking Shorthorns have been developed that could hardly be 
called dual-purpose 

Tlic amount of milk consumed by Americans that comes from cows with 
considerable beef breeding is not known, but ii may well be substantial 




Figure 19 I Some of the major breedr of 
dairy and dual purpose cattle raised in the 
United Stales (Courtesy of respective breed 
associaUons) 


Figure 19 2 (Opposite Page) Some of the 
major breeds of beef cattle raised in the 
United States (Courtesy of respective breed 
associations) 


Ayrshire cow 



Red Poll cow 
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In modem livestock raising one musi piy less attention to the “textbook 
classification” of livestock and more attention to the specific trails — rate 
of gam, pounds of milk produced, percentage of lean m the carcass — of 
the breed or of animals within the breed Unfortumtely space docs not 
permit thorough coverage of these traits here 


19 5 Swine Breeds 

Swine arc raised to produce lean high quality pork All breeds ha\c this 
common purpose, though there arc diflercnces in the degree to which the 
goal IS achieved At one time breeds of hogs grown in this country were 
classed as ‘ lard type’ and ‘ bacon type ** Though the individual breeds wn* 
tinue, this classification has all but disappeared and hog raisers, regardless 
of breed or breeds used arc all aiming for the same kind of product 
Since crossbreeding is almost universal in commercial hog production, 
breeds may be selected and used for crossing that would not be raised as 
a pure breed for commercial production When the Landracc breed was 
first imported into this country, for example, boards of that breed were gen- 
erally more valuable for crossing with sows of other breeds (usually lard 
breeds of English origin) than they were for mating with Landracc sows 
At that time the Undracc were highly inbred dilTicult to raise, and not 
American farm But when crossed 

careasMs ''‘porous and fast Earning, and the 

rarcasses produced were leaner than those produced normally by the lard 

Common breeds of hogs ra.scd m th.s country arc listed below 


Berkshire 
Chester White 
Duroc 


Hampshire 
Landracc 
Poland China 


Spotted 

Tamworth 

Yorkshire 


tions and the^USnA*^^^*^^’ state agricultural expenment sta- 

t na No 1 N T n T^Minncsota Nos 1. 2. and 3. Mon 

recently developed breeds recognized as breeds Many of these more 
veloped brraXr m tent k because they were dc 

of two or more breeds after being started by the crossing 

but developed over a established breeds were started similarly, 

inbreeding ® *‘rne and with much less intensive 

the productive melit "tmet here, more is known about 

breeds than is true for sheen individuals or families within the 

quality pork high feed eo«te^ entile Consumer demand for high 

development of swine testmlt "®rrow profit margins have encouraged 
which Identify potential breedme T programs 

g animals with top genetic merit Such test 
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mg programs ha\e allowed accumulation of much factual data on breed 
performance 


19.6 Sheep Breeds 

These are the major breeds of sheep raised m the United States 


Fine wool breedt 
Merino 
Rambouillet 


Mtat breeds (medium h ool) 
Cheviot Hampshire 

Columbia Oxford 
Comedale Shropshire 
Dorset Southdown 

SufTolk 


As m dairy cattle this ‘ textbook classification may be misinterpreted 
The Merino and Rambouillet were developed for high production of 
high quality wool, but much lamb and mutton consumed certainly comes 
from animals that carry Menno or Rambouillet breeding And Vrith the 
meat breeds, wool represents a sizeable proportion of total income froth 
the flock 

Meat breeds developed more recently in this country include Targhee 
Panama. Roraeldale, Debouillet, and Montadalc The opinion is sometimes 
expressed that there are mote breeds of sheep raised in the United States 
an necessary Nevertheless, each breed has enthusiastic supporters and 
h* a have, in cITect, developed their 

own breed or family of sheep speciaify adapted to their area and needs 
27 I TT IS indicated in Table 

fuc^i’on ct f >^"6' There is much range rn other pro- 
amr^attlv small sheep, for example, 

other breeds such a" "’ey Produce excellent carcasses, 

adIntedtoLm ^ i Suffolk and Columbia are more 

mpd gam° <>' larger sire and more 



Rambouillet ewe 


1 


Cheviot ram 



Columbia ram 





Shropshire ram 

Southdown ewe 


> 

1 ■■n 

IFl 

Flsure Some ol ihc major breeds 1 

of sheep raised in the United States. ■ 
(Courtesy of respective breed orgaoira* 
tions and T/ie Sfifrp Vrffder and Sheep- 

man) F> 1 


m 

Suffolk ewe 
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There are several breeds of long wool sheep which arc also classed in 
the meat group because their meat production is considered most important 
and their wool is relatively low' in quality. These breeds, including the 
Leicester, Lincoln, Cotswold, and Romney, arc not popular in this coun- 
try partly because their low quality wool is not protected from foreign 
competition by import tariff. 


19.7 The Future of Livestock Breeds 

It is recognized that development of presently popular breeds, especially 
those developed in former centuries, was slow. Most was done without 
knowledge of the science of genetics, without as many techniques for 
quantitative appraisal of production traits as wc now have, without fast 
rommunication, and without easy shipment of breeding stock among coun- 
ues, states, countries, or continents. Recently developed breeds have at- 
designation faster because of these advantages. 

I!, °i from here in breed development? The present term, 
terms'strain ^‘^'f'oancc and be partially replaced by the 

animals Snrh • i * ? livestock improvement, especially with mea* 
animals. Such is already the case in poultry production 

"o™ concemtd with 

have long served as'hreeH concerned with color markings which 

distinguishable eroim. . Breeds will, no doubt, continue as 

be further develoom^nt ^ r ’*’i*hin these breeds, there will 

traits and/or for crossbreeding^J^^^^^ 

remain smSS, and petforman^i*’^' purebreds will probab^ 

cant in livestock selraion as bre animals may become as signifi- 

ureco registration. 
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Markets are the link between livestock producer and proces- 
sor, as well as a link between producers A market is the 
place where buyer and seller meet The buyer may be looking 
for livestock for slaughter or feeding Little breeding or dairy stock is sold 
through typical markets, most is sold by pnvate treaty or at special 
auctions 

There are many kinds of markets Terminal markets such as those m 
Omaha, Ft Worth, Denver, and Lancaster, Pennsylvania, handle large 
volumes of livestock Auctions are increasing in number and relative im- 
portance Dealers play a tremendous role in livestock marketing, especially 
in movement of feeder livestock and some slaughter hogs Vanous types of 
cooperative marketing associations also exist Most of these are organized 
by groups of producers or by farm organizations and represent the pro- 
ducer in dealings with prospective buyers 

Buying stations operate in much of the Midwest, accumulating fed cattle, 
lambs, and hogs for certain meat packers The latter might be termed 
“direct” marketing since the buying stations are usually owned by packers 
and manned by their employees Other slaughter livestock may be sold 
direct to the packer at his plant Many feeder cattle, Iambs, and pigs are 
also sold direct, with no middleman used to negotiate the sale 

Direct marketing is interpreted here as marketing without the services 
of a third party negotiating the sale between buyer and seller At terminal 
markets, m auctions, and with dealers there is a third party, who takes 
title to the livestock temporanly or who is paid a commission for negotiat- 
ing a sale or purchase This is emphasized here because some wntings list 
all forms of marketing other than terminal markets as direct marketing 
Estimated percentages of livestock sold through dilTcrcnt market chan- 
nels m 1955 arc given in Figure 20 I 

20 1 Terminal Markets 

Terminal markets arc also called public stock>ards or central public 
markets They arc livestock trading centers with complete facilities for 
rccciMng canng for, handling and selling livestock on a private treaty 
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MARKETING CHANNELS FOR LIVESTOCK 



muiit ttratuto 
voittt fttuuMuttn 




r»T<t mime 




alUive^ockS Pri''i'«gf<i to use the facilities. Essentially 

the seller. ^ commission firms, who act as agent for 

largest hL'd™™ She hveMoA‘'M^h“‘" 'h 

several markets in rano ^ ^ through this type market. Though 

of the larger terminal mrlrT 
Several agencies at a terriina^iIiaT 

These usually include the stockvarT* functions, 

exchange, dealers and traders * “"’P^"!'- commission firms, livestock 
service. Other agencies such « iTy” “"<1 a market news 

companies make a large terminal ™ ‘"™u>nue and transportation 

The smekynr* Z 'n™ "’7'=" “ self-contained city, 

unloading docks, ted Ta"er s — pens, alleys, scales, 

ally in the open, sheep and hn Cattle pens are usu- 

yards company usually DrovtH<..e fk usually sheltered The stock- 

In effect, they operate a “livpcfr./.i? ^ntral office building at the market 
or load livestock, move the animsiic employees help unload 

feed, and operate the scales at a ma scales, distnbute 

pt>mmission companies a« ae *** 

this service they receive a set en seller in most cases Fot 

commission per head, just as a real estate 


1954-58 Averages, by Type 





Ftmre 20-2. Relative salable receipts of livestock at terminal markets in the U S 
1954 to 1958. 


JO S The term nal livejIoelL market at Omaha The aheei) batri u at lower 
tcit the hoj bam and unloading docks at lower right (Omaha Livestock Eschange) 

salesman receives a commission for selling property Commission com 
pames operate within certain areas on the market The stockyards company 
may assign certain cattle sheep and hog pens to each commission com 
pany according to their normal volume of business As many as 40 different 
commission companies operate on some markets 

nen commission company sort and 

strive to Oht* °^t. 'n "’“tt attractive to buyers and 

W not , Commission rates are usually P^r 

government S,?®' "Bhtly controlled by 

for obtainina tiommisston company assumes responsibility 

age f“r tW V deducting commission fVes yard 

fommdmg tie m^ and other expenses then 

hctaes the market encouraaes tu *^^^' 1 °'^'' Exchange promotes and pu^ 
arise and encourages all mLitv. " *'’’"’8 settles disputes which might 
ard commission rates and provide 

employ an executive secretm to h '"’'stock exchanges 

secretary to handle much of this work 
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Dealers or traders operate on many markets, especially dealing in 
feeder cattle. These men rent pens from the stockyards company, buy and 
take title to livestock, then sort and group for resale hoping to make a 
profit. Dealers are numerous on many western markets and on those along 
the Missouri River. At most of these markets a certain group of the cattle 
pens is designated as the “Dealer and Trader Division.” Many such mar- 
kets have a Traders Exchange whose functions parallel those of the 
Livestock Exchange. 

In recent years many of the large markets have formed a Market Foun- 
dation, primarily designed to promote and develop the market in any way 
possible. All who have a stake in the continued operation and success of 
the market — packers, stockyards company, livestock exchange, traders 
exchange, order buyers, transportation companies, banks, and other busi- 
nesses in the particular city — contribute to the Foundation and its opera- 
tion. 

A variety of livestock buyers operate on a terminal market. Since sev- 
eral packers are usually adjacent to the market, packer buyers continually 
purchase slaughter cattle, hogs, and sheep of various weights and grades- 
They may be competing with buyers for other processors, or order buyers, 
each of whom might buy tor several distant packers. 

Farmers and feeders may be on hand to purchase feeder cattle or lambs, 
though most buy through feeder order buyers. Few feeder pigs are sold at 
terminal markets. 

Terminal livestock markets have certain unique characteristics. A nod 
of the head or a spoken word takes the place of a written contract on 
transactions mounting into millions of dollars daily. All livestock is sold 
on a live basis. The buyer “pits” his judgment of dressing percentage and 
carcass quality against that of the seller. Livestock markets include some 
of the world’s most adept salesmen and buyers. Payment is made on the 
basis of weights taken soon after a sale is made. 

The proportion of livestock sold through terminal markets has declined 
in recent years (Figure 20-4). This may be due to such factors as (1) 
establishment of more packing plants in producer areas and closing of 
some plants in cities where terminal markets are located, (2) increased 
selling of slaughter stock on a “grade" and/or “yield" basis, and (3) fast 
growth of auction markets. 


20,2 Auctions 

Livestock auctions, also referred to as sale bams, community sales, or 
community auctions, arc trading centers where animals arc sold by public 
bidding to the buyer who offers the highest price per cwt. (100 lbs.) or 
per head (sec also Figure 2-6). Increases in livestock auctions have been 
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phenomenal. The number in this country rose from about 200 in 1930 to 

over 2300 in 1960 (see also Figure 20-5). 

About 75 per cent as many cattle, yearlings and older, are m auc^ 
tions as in the terminal markets, and about twice as many calves go throu^ 
autions.‘ Auctions have flourished in feeder producing areas fich as in 
Texas and the Sand Hills of Nebraska, perhaps because 
sonal movement of feeders. Many auctions are also located in the intensive 

'“stm\"estoates= indicate that 50 per cent or more of ^ 

hogs, cattle, and sheejr-sold through auctions are 
also Figure 20-1). This may be surprising to those who have thought o 
auctions primarily as markets tor feeders and for inte arm , 

Auctions differ from terminal markets m that all P™*P^%^Xn 
view and bid on the animals at the same time, whfle f y. 
ring At terminal markets commission salesmen deal with each buyer in 
Xidually ™d usually accept or reject bids before that buyer leaves the 

'lrs1n"rorarTT^^^^ ‘he nod of the head or a spoken 

word. Traditionally, the auctioneer starts Hvestock at a P™®’ 

asks for and receives successively higher bids, an s include all 

few minutes to the highest bidder. Commission ^ ^ 

yardage fees and are near 3 per cent on the first f 0°- f ^ P^^ 
the second $500, and 1.5 per cent on that portion of a sale over $1000. 

In some countries a different auction system ^s « grouP of 

animals enters the ring, an excessively high price is " ver 

trie board. The price gradually decreases by small 

veils nods or pushes a special button to indicate purchase. One who 
lant’sm buy the animals wUl wait until he is sure the price is as tow as it 
will go, but before a competitor buys. 

20.3 Dealers 

Many livestock dealers own or rent specific “yards” 
buy and sell feeders or slaughter livestock. A large number of •od^P^odem 
dcLrs operate buying stations for fed hogs, cattle, and lambs in the Corn 
Belt. Animals purchased are then sold to close or distant packers, the 

dealer hoping to make a profit on price per cwt. or on weig . 

Many dealers in or adjacent to heavy gram producing areas buy large 
numbed of feeder lambs, calves, or pigs for resale. In some cases feeder 
cattle may be purchased for the dealer in the range area by an order buyer. 
The same may often be true for lambs and pigs. 


' AMS. USDA. A/<iA«rnp hM. Report ZhS- Amerir.n 1 ive- 

: CcraM Enflcman. Liscsiod. Section. MRD, AMS. USDA^ ^c Amcncan Live 
MoeV. Auction Marlcl— Its History. Importance, and Probiems. 1955. 
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Dealers in many parts of the country handle dairy herd replacements, 
breeding animals, and a vanety of other livestock 

Most dealers also have some other business, such as an auction or a 
truck line Quite a few operate feed lots Since dealers often buy od 
groups to hold for an expected price mcreace, feed lots or a farm to handle 
these animals is often essential 

Though many dealers operate at a specific establishment and do a rela- 
tively routine business buying and selling feeders or slaughter animals wth 
steady clients, some are much more speculative Most dealers on termma 
markets are highly speculative They buy odd lots of livestock at the 
market, at country auctions, or from other dealers then sort and regroup 
for later sale at the same or other markets Other names for such dealers 
are “scalpers,” “traders,” and ‘Truck buyers ” 

Dealers often supply an appreaated outlet for livestock at certain auc- 
tions and terminal markets Naturally they hope to make a profit on pnee 
increases, but often make their profit on amount of “fill” the animals might 
carry when weighed 

20 4 Order Boyers 

The term order buyer was mentioned in Section 20 1 as one who buys 
fed cattle, lambs, or hogs at a terminal market for some distant packer 
He usually receives a standard commission rate for this service, and 
handles all sorting, loading, and insuring of purchased animals for his 
client ^ 

An order buyer may also buy feeders for the farmer at a terminal mar- 
ket. at an auction, on a ranch in Colorado, or on a farm in Wisconsin- 
Order buyere are not restricted in place of operation Packers and feeders 
are often vvillmg to pay for the services of an order buyer because (D the 
V 1 available and (2) they depend on his judgment 

r '‘'*^“•0" P-rposes. there ts actually much overlap 

20^ Direct MarUtmg 

hetween the huyer^and xner”'D"'^'™“c Transactions are made directly 

ter animals has increased in rcccra 

httnbs, or pigs sold ireM or number of feeder cattle. 

Ptgs sold direct is not available Since such animals do not rego 
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larly pass through any certain points, it is impossible to make an accurate 
count. 

As livestock feeders and ranchers have become more specialized add 
larger and as communication and transportation have markedly improved, 
it has become easier for buyer and seller to negotiate directly. Ranchefs 
are more aware of current prices and true value of their feeder calveS, 
lambs, or yearlings. Feed lot operators, since they buy in larger groups, 
have trained themselves to better appraise feeders and keep abreast df 
price trends. 

Certain associations of growers and feeders have promoted this trend 
toward increased direct marketing. The Sand Hills Cattle Association, fdr 
example, sends direct mail advertising to Midwest feeders, listing agd, 
breed, and sex of feeders available on certain ranches. Some county cattle 
feeder associations in Iowa and Illinois have organized trips into feeder 
producing areas to acquaint feeders with ranching practices and for feeders 
to look at available cattle. Rancher groups have reciprocated by visiting 
feed lot areas. 

The increase in direct marketing of slaughter animals has been more 
measurable because of the ease of counting receipts at packing plants- 
Figure 20-1 indicated recent percentages sold directly to packers (includ- 
ing packer-owned buying stations) in 1955. Proportions of slaughter ani- 
mals sold directly to packers are apparently higher in intensive feeding 
areas for all species, but are also high in the Pacific and Mountain area? 
for slaughter cattle and lambs.^ Compare percentages sold direct in lowd 
VTa'b'ie 20-1') with averages lor line V5riile6 Slates (Tigure 20-)'). 


Table 20-1. Percentage of Livestock Sold by Iowa Farmers at Various Types of 
Markets, 1954* 


Type of 
market 

Barrows and 
gilts 

Sows 

Beef 

steers 

Beef 

heifers 

Vealers 

Terminal markets 

13.8 

It.S 

57.3 

55.6 


Direct to packer 

58.4 

45.8 

24.8 

26.8 

12.6 

Auction 

0.8 

3.5 

10.0 

11.2 

77.5 

Dealer 

25.3 

25.7 

3.4 

5.5 

9.9 

Cooperative 

1.4 

0,6 

— 



Another farmer 

— 

6.4 

3.7 

10.3 

_ 

Other 

0.3 

0.5 

0.8 

0.4 

- 


•Sam M. Thompson and %\nbur n. Makl, Iowa Farm Science l-J-S 7, 19S9. Presumably the 
livestock was sold for slaughter except for a few of the sows, helfera, and tealera. ' 


Increased direct markcling of slaughter livestock has been due to several 
factors; (1) Decentralization of packing plants from large cities to pro- 
ducing areas; (2) Replacement of rail movement by trucks; (3) Establish- 
ment of packer buying stations in many communities nherc much livestock 


a AMS. USDA, Markelhg Res Report 2/6. 



Rfure 20-« A packer buyer at the fecdlot bids on fat cattle which will be delivered 
directly to the packing plant This is an example of direct marketing (The Reth 
Packing Company) 


IS raised, (4) Better communtcaitons— radio and telephone^which, com" 
bined With closeness of plants and buying stations have made it possible 
(or the seller to deal directly with the buyer (He likes to know the pnce 
before the animals leave the farm (Figure 20 6)], and (5) Opportunity to sell 
on the basis of grade ’and/or yield’ 

The decentralization of packing plants and the establishment of the 
many buying stations have made direct selling of fed cattle, lambs, and 
hogs more convemen/ A number of surveys have shown that decisions on 
selection ofji market arc based as often on convenience or location as they 
Stan Js™^? Transportation costs are lower because of shorter 

direct marVet^^^ yardage fee or commission charge to pay Though 
e rnaTofoT^r" >° «'e seller, 

alru« "o h™ "-'==""8 uosts make tt more 

mg '’y = Paaker buyer vtsit 

the farm This makes ^ established before the animals leav‘d 

There a fcw bnlr *uu>s at the mercy of buyers 

IS sold Even if he declm« aH livestock 

transportation costs both wavs and ''' charges to p^j 

uonrse, there may be on the animal Of 

nrighigoup competing for his stock, and pncc 
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20.6 Marketing Costs 

A number of expenses are incurred in livestock marketing, varying ac- 
cording to type of market, distance livestock are moved, and other factors 
These may include commission charges, yardage fees, insurance in transit 
and at the market, transportation, and perhaps shnnk of or injury to the 
livestock Deductions from sale price may also be made at the market for 
use in meat promotion (Section 25 8) This is especially true for slaugh- 
ter livestock 

Commission rates and yardage normally charged at terminal markets 
are relatively small — each under 1 per cent of the value of the animals 
sold This compares with a normal commission charge of about 2 per 
cent when securities are bought or sold, or about 5 per cent often 
charged m real estate transactions Since fees are usually on a per head 
basis, it costs more to sell a poor quality animal on the market, in relation 
to Its value 

Commission charges for auctions were mentioned previously (Section 
20 2) and usually include all yardage fees and insurance since there is only 
one party involved in providing facilities and the service of selling 

Other charges, such as insurance and transportation, vary so greatly 
that a thorough discussion is not worthwhile Where trains are used, 
though, and livestock are shipped to a terminal market where they will be 
sold and perhaps shipped further, it sometimes pays to take advantage of 
“through billing” rates Charges are calculated on the basis of one long 
tnp, from ongin to final destination, rather than on the basis of two short 
trips There is considerable governmental control of livestock transporta- 
tion rates, especially with trains 

An advantage often listed for direct marketing is that there is no mar- 
keting cost There is, however, still transportation and transit insurance 
And when packer owned buying stations are used, there is some cost in 
maintaining them Since there is no yardage fee, this cost must eventually 
be reflected in livestock prices 

Weight loss — shnnk — may be a large expense m livestock marketing, 
depending on when the shnnk occurs and when the animals are weighed 
to establish sale weight If weight loss results only from loss of gastro- 
intestinal contents or unne, then the shnnk is only superficial and there is 
no real loss of tissue If this is the case and slaughter animals arc sold on a 
carcass weight basis, there is no financial loss to the seller If, however, 
animals arc sold on a live weight basis and the pnee is already determined, 
there definitely is financial loss to the seller and the buyer profits 

Seldom docs much tissue shrink occur in normal movement and market- 
ing of slaughter animals Extremely hot weather. long hauls, and poor wa- 
tering facilities at the market would tend to allow (issue shrinkage Sugar 
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mthe ration just before shipment has been used to reduce tissue shnnkage 
Presumably the sugar molecules arc readily absorbed into muscle cells an 
help retain more water there 

Most of the shnnk occurs the first few miles of a tnp (Table 20-2) 
This means that almost as much shnnk may occur when livestock are 
marketed at a nearby market as when shipped to a more distant market 

Table 20 2 Percentage o! Weight Loss in 60 Slaughter Cattle During a 200 Mile 
Truck Haul* 


Humber 

o! head MUes traveled 

in each Average between weighings Total 


Weight Classes 

class 

weight 

or 

TTTir 

lOolT 

iW 2 o 6 percenuigc 

Group Average 

60 

1122 

1 8 

0 7 

0 8 

0 6 

3 9 

Uruler 1000 lbs 

11 

9S4 

1 5 

0 7 

0 9 

0 8 

3 

1000 1099 lbs 

10 

1056 

2 1 

0 9 

0 8 

0 3 

4 

1100 1199 lbs 

24 

1139 

8 

0 8 

0 8 

0 7 

4 

Over 1200 lbs 

IS 

1263 

9 

05 

0 7 

0 5 

3 


•Chicago Uuaa Slock Yard and Truall Co 


It is apparent that the time and conditions under which animals at® 
weighed are important to determine who if anybody, loses because of 
transportation shrink Though shruk may be less when slaughter animals 
are sold direct to a local packer, animals are usually weighed at arrival 
without having access to feed or water Because of greater distance on the 
average to terminal markets shnnk may be more, but animals do have 
access to feed and water before they are sold and the pay weight estab- 
Usned 


Tissue shnnkage is more likely to occur in movement of fcctier cattle 
ana lambs since longer distances are often involved Unless animals arc m 
pMr condition because of the shipment stress, such shnnk might be quickly 

TmnnuL a' f 

senousfudtTd^““ ”'"='•.1 only tf ttssue shnnk «!= 


20 7 Movmg Slock to Market 

™vmgtne™m!r4arketrm” sT"’* T"' "" ”” "''“d 

most exclusively for dictf^nc ” Trucks are used 

ingly for longer hauls TrTrkf^Ji"^ “sed mere 
lambs each year from M ^ trucks, for example, haul thousands 

chused at Mislr R„e °r"“ '? Slaughter hogs f 

packers on the West Coast™taDleT''k shipp« 
development of mterstati^ h ^ air-conditioned trucks Contin 
interstate highways w,U further promote use of trucks 
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Trains arc used only for relatively long hauls, especially in the fall 
when masses of feeder cattle and lambs arc moving long distances to 
markets and feeding areas. 

Because trucks are used relatively more for short hauls and trains for 
shipping long distances, numerous surveys indicate injury to livestock is 
greater in trucks on a per mile basis (Figure 20-7). This would be ex- 
pected, since there are more starts and stops, in relation to distance trav- 
eled, on short trips. Trucks are more bothered by traffic congestion, stop 
signs, etc., and perhaps there are relatively more ineetperienced drivers. 


Figure 20-7. Dead and cripple loss (4 cripples = 1 death) of cattle, calves, sheep, and 
hogs per 10,000 head per million mites traveled. (Farmer Coop, Service, USDA 


Marketing Res. Report 247) 




O-tOO I0t-e50 23l-30030f-73 0 0*«r 750 
MILES 
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Recent developments including through" highways, special truck routes 
in cities where markets ate located, and much emphasis on dnver educa- 
tion to prevent crippling and bruising of stock, have greatly decreased 
losses in truck transportation 

Most Uansporlation losses — bruising, cnppling, and death — are the 
fault of a person one who has probably never seen a bruised loin on a bee 
carcass, a ham with pitchfork wounds, or a blood clot in the middle of a 
veal round, caused by a broken leg and ruptured blood vessels (see also 
Figure 23-7) Overcrowding causes bruising, especially of thin cows and 
steers which lack the protective layer of fat Mixing species or different 
weight groups m a railroad car or truck is another common cause Ex- 
tremely hot, humid weather is a main cause of death in hogs and sheep 
There are other causes of death, crippling, and bruises, common sense can 
avoid most 


20 8 Regulatory Agencies 

The Packers and Stockyards Act, enacted m 1921 and amended several 
times since, provides for governmental scrutiny of the operation of all live- 
stock markets 20,000 square feet m size or larger and all meat packers 
where products handled are normally shipped between states The act 
therefore covers about 64 terminal markets, many auctions, and most large 
meat processors Markets and meat processors who operate completely 
within state boundaries are sub]ea to the laws of that state 

The act, administered and enforced by the USDA, provides that all mar- 
ket transartions be completely honest, and that there be no unfair compe- 
tition, monopoly, pnee controlling, or restraint of trade Since all such 
markets are considered public markets, the “public” is to be protected 
Records of all transactions must be made in detail and must be avadable 
or routine inspection Packers are prohibited from giving any undue or 
‘"Ivanmgc lo any person or any locality 
tine checking nt ° *** maintained at major markets to provide rou 
A recent *“ “mplaints of alleged infractions 

aeamst farm ^ k “"'“'ved apparent discrimination at certain markets 

on te bnyers (who are 

cattle, feeders and 

sued an order to • cease and d'^' After investigation, the USDA is 

uci lo cease and desist ’ such procedures 

and operated ^ 

causing false weipht? sir,, u guilty of scale manipulations and 

yards Act, inclndmgheavyli:^„d,^™™^;°' 




nsure 20-8. The leased wire network of the USDA, linking all major markets and marketing 
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20.9 Market News 

Though there are many sources of livestock market news information— 
from packers, market foundations, dealers, commission companies, etc., 
the market news service which supplies the most complete information i 
provided by the USDA. Offices at all major markets, and^ in areas where 
buying stations and direct marketing are common, compile unbiased m 
formation throughout the day and disperse it to all points through a lease 
wire service (Rgure 20-8). 

Early each market day, before the market opens and trading begm^ 
men of the Market News Branch, USDA, estimate the numbers of t&c 
class of livestock at the market. This information is put on wire, by tele- 
type, and received simultaneously at all other markets (Figure 20-9) 
by major news services. After the market opens and prices are established, 
this information is gathered and dispersed. 
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In areas with numerous dealers, buying stations, auctions, and packers 
who buy direct, special Market News Branch offices collect information by 
phone several times daily. 

Throughout the day buyers and sellers at markets, ranchers, farmers, 
and feeders obtain accurate and unbiased information on receipts, market 
activity, and prices at any market. Salesmen and packer buyers at the 
Missouri River markets naturally are interested in prices established early 
at eastern markets. Because of different time zones, eastern markets 
normally open an hour before the river markets. 

At each market, information gathered there or received by wire from 
other markets is posted for all to see and made available to local radio 
stations and papers. Major news services edit market news received, ac- 
cording to the area served, then send it by teletype to radio stations and 
newspapers. 

On which media do farmers and feeders most depend as a source of 
market information? Numerous surveys have indicated they depend most 
on radio. Television provides market summaries but cannot be as timely 
as radio. 
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Livestock are grouped into classes and grades for sale pur* 
poses for a number of reasons (1) Reports of sales and 
prices from distant markets can be more accurately inter- 
preted (Figure 21-1) (2) Prices can be quoted and sales made by phone, 
wire, or mail (3) Grades which are applied to carcasses or meat cuts 
serve as a quality guide to the consumer 
A market class is defined as a group of animals separated according to 
we The major classes are slaughter and feeder, whether cattle, sheep, or 
ogs As the titles imply, animals m the slaughter class are intended for 
slaughter and feeders are being sold for further feeding A third group, 
Stockers, is often differentiated as a separate class m catUe or sheep, 
thou^ most people think of stockers collectively with feeders 

e stoc er class, when the designation is used, usually includes rela- 
tively low quality cattle or sheep that will be fed a low quality ration Ex* 
culled\''°^ ^ Stocker cows,” aged beef cows that may have been 

such cows PJ'Bermath— new seeding, com stalks, fallen ears, etc Most 
slaughter m purchased, calve early, and are sold for 

tivefy high Buof ure rela 

calves" uLllv S"^" 

Ptobablyir^nnet2 7' 5''“'"'’^ t" quality nnd Itght, tvffl 
tore being put on a hirh '' “ “°1’ aftennath and silage, t*' 

subci«£rr.h,„ '^‘"■"”8 

Ktacondnion (steer vs Lu»s”a77"7™ according to age, seJt, 

Market er d *rag), and weight 

grouped according to subdivisions of the subclasses Animals arc 
conformation Amonc slanli,^ Among feeders, the major entena tS 
considered ^ animals, both conformation and finish are 
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PACKING POINT HOG PRICES 

(Monday’s quotations provided by plants represented) 


kt Port Dodg* 

[olnes No. 1 No 2 K. 
(2S $ Si2 90 S , . 


16 30 

16 90 

16 80 

16 80 

16 60 


13 90 

14 90 
16 90 

16 40 

16 40 

16 40 

16 20 


50 


16 00 

15 80 

IS 60 


15 60 

15 40 

15 20 


15 50 

16 00 

16 00 

16 00 

15 80 

15 60 

15 40 

15 20 

15 00 

14 80 


QUumwa ^ ^ A^uilta 

No. 1 No 2 No a Clt; TT S Na 1-3 No. 1 No. 2 No 3 Storm I>ake 

a . . . . 513 25 5 . . . . 513 ^ 513 40*14 05 5 ... • 513.15 5 . . • . 510 75*11 25 
.... 14 25 .... 14 SO 14 40*15 05 .... 14 15 .... 12 75-13 25 

.... 14 75 .... 1550 1540*1605 .. 1515 ..- 1475-1525 


16 


25 


S NO 1-3 

75 15 40 

S SO 15 15 

25 14 90 

\00 14 65 
>75 14 40 

14 15 

13 90 


IS 


14 10 

13 8S 

13 60 

13 75 

13 10 


14 


14v 


14 SO 
14 25 

14 00 

13 75 

13 50 

i quotatlona are for the full ra 

ty quotations are for No. 2 c 

e quotations 

les quotations for 34 ^adet 

;uia over of under 34 per ccnl 
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Cattle Quotations 

SLAUCUTEK CATIXE ANO CAZMSS 
STEERS ChJcaffo Sioux City Omaha Kaiuaa CJty 

Prtrnf. 900*1,100 lb ..524 00*25 75 S23 JHi * 

Prime l.lOO'l 300 lb . . 23 75-26 00 ->.1 f>.t t>a .>it 

prime. 1.300-1.500 tb ,, 23 0®-26OO 
Choice. 900-1.100 Ih • • 23 25.24 75 


Hog Receipts 

Monday „ , ^ 

(E«t > Ago rr Act 

'Interior fowa So Minn ........................ 65 000 63 oOo 55 00( 

12 Public MarKete (salable) .. . 90 000 71.400 <7.90( 

• Saturday receipts. 34 000 , 

Sheep Receipts 

itondar 

(Ksi I ^Vk Aco Vr Aco 

••Interior lowa-So Minn 522 c2n to 122 

12 public Markets (aalabte) 33,800 30 600 32 400 

•Saturday receipts, 3.S00 

Hog Quotations 

Int la ^Terminal Markets — 

Barrows-gllts So, Minn Chicago Sioux City Omaha 
U- S No. 1 

180-200 lb S 3 * nr 

->ofi ifio.; -fT nft ifi Tt.i? nr 


E St Louis 


517 35.17 60 


Choice. 1.100-1,300 lb 
Choice, 1 300-1 500 lb 
Good, 700* 900 11> ' 
Good, 900.1.100 lb 
Good. 1 100*1.300 lb 


Standard all weighty *!* 

— 

Prime 800*1000 lb ... 
Choice. 600* 800 lb .... 
Choice 800*1000 lb ... 

Good 500*700 lb 

Good 700 900 1b 

Standard all weights . . 
UUlltv an Weights • • 
cows: (all weights) 

Standard 

Commercial . . . 


23 25 24 50 
22 75 24 25 
22 00*23 SO 
22 00*23 25 

22 00*24 UO 21 75.23 25 — 

21-00-23 00 2075-2225 20 00*22 25 
2100*23 00 20 75*22 25 20 00*22 25 
Sr.-. AA 20 75*22 00 19 50 22 25 
18 00*2100 18 00*19 75 


23 25*24 25 
22 50*24 00 
22 25*23 75 
2175*23 75 
21 25*23 so 


20 75*23 00 
l9 25-21 00 
iS 50-19.25 


22 25 23 75 
22 00*23 75 
21 50*23 50 
21 25*22 50 
20 76*22 60 
20 00*22 50 
as 00.21 25 
17 00.18 00 


23 00.23 SO 23 50-24 2» 


20 75 23 00 
58 50-20 75 
16 50-13 50 


22 00-23 25 
22 00 23 25 
20 75-22 25 
20 75-22 25 
38 00-20 75 


22 80-23 75 
22 25-23 75 
20 00*22 50 
20 00-22 50 
3a0D-20 DO 
17 50-18 25 


21 50 2- 
20 50*22 75 
20 25-22 50 
37 50-2050 
16 00-18 00 


UtlUty 


37 50-19 00 ^ 

l5 00-17 50 36 50 37 50 

45 25 17 50 16 25 17 25 


BULLS tyearllnga excluded)-— (aU weights) 
Commercial • • , • . . l8 00-21 25 18 oO-PO 00 

Utni^ .. . I.r... ! 1900 21 25 1R00-2O5O 


Utility 
Cutter . 

_ CALVES 

Choice 

Good . .... .. 

Ccmmercia] 

VEALERS' (an weights) 


IS 00-20 50 17 25-18 75 


38 OO 2f> 25 37 50-19 25 


17 00-lS 00 15 75-17 50 


2 i 011-25 no 

SO 00 32 SO 
16 00 21 ' - 


25 00 30 00 
22 00-26 00 
IS 00-22 00 


Choice . .... .... .... .... 2600-3000 

Oood .... 23 SO 36 00 

Commercial . «• . -• 19 00 24 00 

FEEDEH AND STOCKCK CATTI.E AND CALIFS 

Ch<^c^?^:S^' SOO lb ...124 00*29 00 J23 SO 27 OO 523 75-2? 50 SSI SS-SO 00 
Choice 800-1 050 lb ... 27 50-24 00 2000-2500 21 74-24 00 - -- 

Good 500-800 lb 22 00-26 00 21 50-25.00 21 40 24 50 

Good 800-1050 lb . .!! 2100-24 00 20 50-22 50 20 40 23 75 
Medium ROO-l OOo lb .. 18.50-23 00 3 7 50-20 50 iann.2i00 

common 500-900 lb 

HLIFEHS (SOO-750 |bS ) 


37 00-19 CO 


21 50-24 SO 
21 25-28 25 
20 OO 23 50 
18 no 24 00 
16 50-19 00 


Choice 

Medium and good .... 
Cows (ail '‘eights) 


CALVES (Steers) . (300-500 lbs > 

Good and miolee 

Medium 21 50-25 OO 

CALVFS/heKers) . (300 500 11>» > «„ .jj, ^ 


15 00-1T.50 35 00-38.00 


rU'ol end choice . 


SPRING IJtMBX 


38 50-23 00 IS 00-23 00 

Sheep Quotations 


;1R 00-19 24 St- - 


..IAME8 (»hom) 


; l7 50 38 50 16 25-37 25 


}ini?§s 


17 00-17 50 
17 OH-IT 50 
1C 75*17 50 


6 13*17 1 

6 ga-17 3 


5.16 50 15 75 16 85 


16 85-17 25 
36 85-17 25 
16 50-17 25 
36 00-17 00 


34 40-14 74 
14 50 14 75 
14 0») 14 75 
13 50-14 25 


port on Interior Iowa 
,>f anfmat' orlRinailng 
loUthem Minnesota. 


rJcureJI.I. A market report lifted from a dally newsp.ipcr. Note the \arioiis clawci 
anti grades listed. A knowledge of these is essential for the prices to be mcaninsful 

to thi* r^nff^r //>-•» t.,«» t: ** 
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21.1 Development of Classes and Grades 

The use of classes to differentiate and desenbe animals probably 
developed early in the history of livestock trading There were also terms, 
no doubt, that were rather uniformly used to denote relative quality 
Market classes as known and used today have simply developed from 
common usage, but are surprisingly uniform across the country Some 
discrepancies are noted A “vealer” in New Orleans may be called a “calf* 
m St Paul A ‘ feeder pig” in Indiana may be called a “shoal” in Arkansas 
or a stock hog” in North Dakota But the class designations have real 
meaning to livestock traders and discrepancies which do exist interfere 
little with effective trading 

Grades m use today have been developed and standardized by the 
USDA since 1916 Picture standards and verbal descriptions of grades are 
available from the USDA for nearly all classes of meat animals They have 
been continually and severely criticized by many segments of the meat in- 
dustry and have been revised many times Their use is voluntary, however, 
and many producers, traders, and consumers depend on them as a stand 
ard of quality 

Anyone is free to apply class and ^dc designations to live animals 
Continued confidence in those who use these designations, however, 
obviously depends on their experience, knowledge, and ability to dis- 
wminate pplication of USDA grades to carcasses, however, must be 
aJhI ^ USDA employee (sec Section 24 4) niis petso” 

toTved H 


yearling” among a group of ‘ lamb” carcasses he 


must designate it as such 

papers USDA. are used Many 

be coDVnehted grading system, including grade names which may 

SnMencfm rh *'■^ 0'™ employees Public 

applyinra.e^fdrto^;t:iro ™ ■‘-mination esercised m 


21 2 Beef Classes 


viously dismssc?*Shf ^“der, as well as Stocker, were pm 

reference made to Table 21 • ^ 


discrepancy in ime^Upof "“S”“ug X'=re may be ao®' 


among various sections of the United State* 


a male bovine castrated whe„ young prior to the development 




an immamr.. '-‘'•iraciermics ot a bull 

calchataetensucsof^^' P*"” 
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Table 21-1. Commonly Used Class Designations of Beef Cattle 


Feeder 


Slaughter 

Sex and 
sex cond. 

Age 

Weight 

range 


Sex and 
sex cond. 


Weight 

range 

Steers 

Calves 

300-500 


Steers 


500-1500 

Yearlings 

500-800 


Heifers 


500-1100 

2-yr-olds 

800-1050 


Cows 

Young 


Heifers 

Calves 

300-500 

Aged 

Yearlings 

500-750 


Bulls 

Young 


Cows 

Young 

750-1200 

Aged 

Aged 

Stags 



Bulls, 
stags, etc. 





Calves 

Under 500 


Vealers 

Under 250 


Cow — 

Bull- 
Stag — 

Calf— 

Vealer — 

Heiferelte 


a female bovine (bat has developed, through reproduction or 
with age, relatively prominent hips, a large middle, and other 
physical characteristics typical of mature females, 
an uncastrated male bovine. 

a male bovine castrated after it has developed or begun to 
develop the secondary physical characteristics of a bull, 
bovine usually between three and eight months of age (up 
to 10 or 12 months for feeders). 

bovine under three months of age (intended for slaughter) 
and having subsisted largely on milk or a milk substitute. 

— a term sometimes used to describe a heifer which calved 
young, perhaps at two years of age, then was quickly fattened 
for slaughter. Carcass traits are between those of a heifer and 
cow. 


Classes and subclasses listed under “sex and sex condition” and under 
"age” are commonly used in market reports (Figure 21-1). Animals in 
certain of these classes may be absent, or present in small numbers, at 
some markets. Relatively few, if any, 2-ycar-oId slaughter steers would be 
sold at Tulsa or Oklahoma City, for example, and certain classes of cattle 
arc relatively rare at some eastern markets. Age subclasses other than 
those listed in the table may sometimes be used. 

Calves and vcalcrs, for slaughter, arc often not differentiated as steers, 
bulls, or heifers, since the secondary sex characteristics have not developed 
to the point of influencing carcass traits at the time of slaughter. 

Weight groups arc usually divided into 200- or 300-pound increments. 

Classes do not denote whether animals arc of beef, dairy, or dual-pur- 
pose breeding, or whether they may be crossbreds. Many slaughter cow’s 
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have been culled from dairy herds, most vealers are of dairy breeding 
There are also many steers of dairy and dual-purpose breeding, since only 
a small percentage of the males are kept as bulls 

21.3 Sheep Classes 

Table 21-2 summarizes the most common classes and subclasses of 
sheep Nearly all feeder sheep are Iambs Drastic reduction in slaughter 
value of sheep over a year of age almost dictates that lambs be sold for 
feeding before eight or nine months No designation is usually made be- 
tween ewes and wethers, unless the animals are two years of age or older 
A ram is often discounted m price (Section 23 3) Weight groups given m 
market reports are usually divided into ten-pound increments 


Table It i Commonly Used Class Designations of Sheep 


Sex and 
sex cond 

Age 

Weight 

range 

Sex and 
sex cond 

Age 

Weight 

range 


Lambs 

$S 90 


Lambs 

70-120 


Lambs (shorn) 

70-120 


Yearlings 

100-130 

Ewes 

Yeung 

Aged 

100-lBO 

Ewes 

Young 

Aged 


Rams 

Young 

Aged 

120 300 


intended for slaughter are just slightly over a year of age 
^hat they be so mature before 
usually bee 11 intended for slaughter have 

SoL of re>3t‘vely oW 

ore given below n!1i classes or groups of sbeep 

cattle of some definitions to those given to' 

chrraner.IlISi’JrfJ’p’ ^'’“”8. secondary s« 

a female ovme of any age 


Ew^ - 

Ycartr. "’''"'“"“"oncyearofege 

pair of !?'■ ‘ 

“break loinl" ahn^ animals Ossification of 

sSTr ""'“'ra=d “ » su.de on carcas 

develop the* developed or begun 

P secondary phys.eal charactenst.es of a ram. 
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Because age is so important, USDA graders check indicators of age on 
the carcass. Lamb carcasses have a “broken” break joint, narrow, reddish 
rib bones, a relatively narrow forequarter, and a light red, fine-textured 
lean. Yearling mutton carcasses may show either break joints or spool 
joints at the front pastern. They have moderately wide rib bones with only 
traces of red, a slightly wide forequarter, and slightly dark red, coarse 
lean. Mutton carcasses (two years and over) show spool joints, wide and 
white rib bones, a wide forequarter, and dark red, coarse lean. 

21.4 Hog Classes 

Because hogs are nearly all handled similarly — on a high energy ration 
for quick marketing — there are few age classes as compared to cattle. 
Common classes are charted in Table 21-3. 


Table 21-3. Commonly Used Class Designations of Hogs 


Feeder 

1 Slaughter 

Sex and 
sex cond. 

Age 

Weight 

range 

Sex and 
sex cond. 

Age 

Weight 

range 

n 

Pigs 

30-180 

Barrows 

and 

Gilts 


160-360 

1 

Shoats 

80-180 

Sows 

Young 


Aged 

Boars 

Young 


Aged 

Stags 

Young 


Aged 



Feeder pigs are all young, and are not sorted by sex. They are usually 
listed in market reports in weight increments of about 20 pounds. Shoats 
is a term used in many areas to describe relatively heavier and older 
feeder pigs. 

Barrows and gilts are sold together for slaughter. They are sometimes 
referred to collectively as butchers or market hogs. Most slaughter groups 
contain about 40 per cent gilts; there is little difference in carcass merit of 
barrows and gilts. Prices are usually given for 20-pound weight brackets. 

Many young sows, which have farrowed only one or two litters, are 
sold for slaughter. They are often worth almost as much per pound as im- 
mature gilts. Hog raisers like to sell them before they get too heavy. Large, 
more mature sows, are too expensive to maintain in most sow herds. 




























296 MARKET CLASSES AND GRADES 

Because boars are heavily discounted when sold for slaughter, most are 
castrated, then sold a month or so later as stags Some boar carcasses 
carry a strong, offensive odor This is not true of bulls and rams 

For clarity and comparison, various class terms are bnefiy defined 
below 

Barrow — male pig (porcine, or swine) castrated before secondary sex 
characteristics develop 

Gilt — female pig under a year of age and before farrowing a litter of 

pigs (Some refer to a sow that has farrowed once as a “one 
litter gilt ) 

Sow — female pig over a year of age, or which has farrowed one or 

more times 

Boar — uncastrated male pig 

Stag — male pig castrated after it has developed or begun to develop 

secondary sex characteristics 


21.5 Feeder Grades 

The USDA offers official grade standards for feeder lambs and cattle, 
but not tor pigs These are discussed in Chapter 8, Selection of Feeders 


J1 6 USDA Grades tor Slaughter Animals and Carcasses 

Though official USDA grades are applied only on carcasses, by a govern 
mental grader, they also serve as a basis for grading live animals intended 
for slaughter Verbal desaiptions for live animal and carcass grades are 
raor n, t ' Regulations, and are 

3a ! . r ‘’y USDA Standard grade pictures ol 

varS^ a grades to live ammals 

topic ' with Sumort ”f*™nce A thorough discussion of this 

s;«rdSrL?wtr;3“ui^rr3-'' 

concent of live i J ^SDA market reporters, do have a good 

and report sales wiih ' nrc able to make transactions 

usedm the price quotatrmm'R^re 23 "^ No": that live grades are 

the packi^X','3Se"d .r&“t ‘*"‘'“8 processing m 

use ol the USDA carcass mA ” ■* R is emphasized that the 

IS voluntary on the mirt ° USDA employee to apply them) 

to the packer on a cost has ' " service that is available 

depend on USDA cradth* ^ ** "Ccause many consumers and retailers 
5^d lamb, many nackert r ^ of quality, especially with beef 

(Compulsory gradine wa« i** to employ this service 

and 1951-53 ) ^ employed during the war periods of 1942-47 
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Flmire 21-2. The percentage of beef, lamb, and veal carcasses federally gratled 
bcCT fairly uniform in recent years. Federal grading of most carcasses was mandatory 
during much of World War II and during the Korean War. 


Since 1953, about 45 to 50 per cent of the beef slaughtered each year 
has been federally graded, compared to about eight per cent in 1940 
(Figure 21-2). Naturally, most of the beef selected by packers to be 
USDA graded is in the higher grades. 

The USDA has considered dropping the service of grading lamb car- 
casses because of failure of industry members to agree on revision of 
the standards. 

Though standards are available for pork carcasses, no pork carcass 
grading is done by USDA employees. There is relatively less merit in 
grading pork carcasses lor two reasons. (1) Since hogs are nearly 
all fed for early marketing, there is less variation in age and weight and 
carcass quality traits influenced by age and weight. (2) Most pork is 
broken into wholesale cuts in the plant, cuts are trimmed to a uniform 
fat depth, and many cuts are cured, smoked, and otherwise processed. 
Recognizing quality differences that exist among various parts of carcasses, 
there may be more merit in grading pork cuts than pork carcasses. 

Among lambs, there is likewise considerable uniformity in slaughter 
age and weight, so less variation in carcass quality. 
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AmoDg beef cattle, however, there is an extremely wide range in 
slaughter age, weight, and finish, because of the vast number of feeding 
programs followed m raising beef cattle This, alone, is justification for 
usmg a grading system Further, most beef is sold fresh, with little process- 
ing or tnmmuig, and is moved from packer to retailer as “quarters’ 
rather than cuts 

Because USDA grades are developed and used to serve the public, 
mcluding producer, processor, retailer, and consumer, and because their 
use IS generally not required, changes are periodically made in grade 
names, specifications, or rules of application Therefore, any discussion 
of a USDA grading system must be based on the principles of carcass 
grading Grade specifications and standard pictures, as well as the names 
of the grades, must be considered “temporary ’’ 


21.7 What Do USDA Carcass Grades Appraise? 

The purpose of carcass gradmg is to categorize carcasses according to 
ment This is the same reason that wool, potatoes, com, and other com- 
modities are graded But a meat carcass is a rather large unit, compared 
to a potato or a kernel of com, and there may be a large quality gradient 

among vanous pans of the carcass 

Because a carcass is a large unil and vanous pans may differ con- 
! 0” two different considera- 

ourr,’ proportion oi the vanous 

Proponion of loin, nb, or round, the expensive 
“bulgine-Sa'h'iT’ And ure these cuts “plump" or 

fatu The* other ^ proportion of lean meat in relation to bone and/or 
sumer!s T' probably most important to the con- 

associated wth ml hi rAWc tissue, believed to be 

intermixture of fat mih '‘’d" 

major consideration* %,» w ^ characteristics These two 

“quality” ^ ^ more bnefly lenned “conformation” an^ 

feelly rorrefa/rf'^an '°"*°r™ation and quality, are not per- 

must be subiectively appraised a md“ “any items which 

subjective decision bv the vm’d applied to a carcass is based on a 

not perfectly correlaipfi «« Because conformation and quality are 
before a grade decision is rraThS ^ balanced agamst the other 
5cnbe the extent to which on ^^DA specifications attempt to de- 
therc are apparent and real i.L^” «>mpensaie for the other However, 

“sspdcs as indicators of carcass 

Obviouslv the /•/% r *"*»sineni. 

rrr^'W, Who bieabs w 'rd IS of great concern to the 

and Iamb carcasses into cuts and assigns a 
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different price to each cut. A carcass yielding a higher proportion of loin, 
rib, and round should, from his standpoint, grade higher. The consumer, 
however, who is appraising a single cut of meat (that may even have 
been trimmed) is primarily interested in an appraisal of the quality of that 
particular cut. 

This discussion suggests use of a dual grading system, one designation 
for quality and another for “cutability,” or proportion of retail cuts. The 
USDA has completed studies on the practicability of such a system,* and 
began using the system on a trial basis July 1, 1962. Within a quality grade 
such as choice, for example, there are six numerical grades based on the 
expected proportion of retail cuts. Grade One carcasses have little tat to 
be trinuned off and yield a high proportion of retail cuts. Grade Six car- 
casses have high proportions of fat. 

Because carcass grading is still a subjective process, much attention 
is currently directed toward developing more objective techniques for 
appraising conformation and quality in carcasses, and also in live slaughter 
animals. Certain techniques will be discussed in Chapters 23 and 26. 

21,8 Grades for Slaughter Cattle and Beef Carcasses 

Grade designations used by the USDA for slaughter cattle and beef 
and veal carcasses at the time of this writing (July 10, 1962), along with 
the dates of the most recent revisions, are given in Table 21.4. Approxi- 
mate age limitations, in months, are given in parentheses. Age is ap- 
praised on live animals by the teeth, and on carcasses by meat texture, 
size of bone, and whiteness of bone. 

Cows, stags, and bulls are not eligible for the prime grade; a few grade 
choice unless they are exceptionally young and high in quality. The stand- 
ard grade is reserved for animals under four years of age and their car- 
casses. The commercial grade is limited to cattle over four years of age and 
their carcasses, except for bulls and stags, where there is no age specifica- 
tion. There is no age limitation on other grades. 

* AMS, USDA, Butt. 416, Nov. I960, and from private communication. 


Table 21-4, U.S.D.A. Grades for Beef and Veal 


Steer & heifer 
June, 1956 

1 

Cow 

June, 1956 

Bull & stag 

June, 1956 

Calf St veal 
May, 1957 

Prime (36) 

Choice (42) 

Choice (42) 

Choice 

Prime 

Choice 

Good (48) 

Good (48) 

Good 


Standard (48) 

Standard (4S) 


Standard 

Commercial 

Commercial 

Commercial 

Utility 

Utility 

Utility 

Utility 

Cutter 

Cutter 

Cutter 

Canner 

Canner 

Canner 

Cull 
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Excerpts from the current specifications for choice grade slaughter 
steers, heifers, and cows are . . “moderately low set and compact 
. . . moderately thick in natural fleshing and moderately wide over the 
back and loin. . . . Cattle over 30 months of age have a thick covering 
of fat over the crops, back, nbs, loin, and rump . . . Cattle 18 to 30 
months of age carry a moderately thick fat covering. . . 

Excerpts from specifications for choice beef carcasses include . . • 
“moderately blocky and compact and moderately thick-fleshed . . . loins 
and nbs are moderately thick and full and the rounds are moderately 
p ump. . . . Finish specifications are in relation to age; older cattle must 
carry more finish Grade specifications for the prime grade generally do 
“moderate”; the term “slightly” is used for the good 

mall nr develop ability and skill in grading slaughter ani- 

and experirn“iTre needed.'" """ 

S« n^™2T3'’TO“'f f 

•he :naic: 

21.9 Grade, siauehter Sh«p a„d Larabs and Their Cnrnarse, 

~ by the USDA for slaughter sheep’ 

* Technically, accordme to iisnA . 

months of a|e, that has cut its secfinriT**”*i ^ ovine, usually over 24 

pair of pcmaneni incisor teeth. 

J1 3. Appjosraaw ppretnlaees of malure slaughter caltle. by class and by 

CLASS 

and by grade, 1956 

BY CLASS 

BY GRADE 

' Prim* 47. V.. 



«|fs M 

*“•’ “*»»*?«» f, 
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Tabic 21-5. U.S.D.A. Grades for Sheep 


Lamb and yearling 
Nov. , 1960 

Mutton 

Nov. , 1960 

Prime 


Choice 

Choice 

Good 

Good 

Utility 

Utility 

Cull 

Cull 


(called “mutton” in the carcass), yearlings, and lambs, as well as for 
their corresponding carcasses, are given in Table 21-5. 

Animals over two years of age, or their corresponding carcasses, are 
not eligible for the prime grade. Though age of carcass is appraised by 
the USDA grader, it is a criterion for classification, not grading, and is 
discussed in Section 21.3. 

Prime iambs are described as “. . . moderately low-set and blocky and 
thickly fleshed. They are moderately wide over the back, loin, and rump 
. . . .” In contrast, cull lambs are described in USDA standards as “. . . ex- 
tremely rangy, angular, and thin-fleshed, and extremely narrow and shal- 
low bodied. . . .” 

Prime carcasses must be “. . . moderately wide and thick in relation 
to length . . . have moderately plump and full legs; moderately wide 
and thick backs; and moderately thick and full shoulders. . . .” Cull car- 
casses are “. . . extremely angular . . . extremely thin-fleshed . . . legs 
are extremely thin and concave . . . flesh is soft and watery. . . .” 

21.10 Grades for Slaughter Hogs and Pork Carcasses 

Grade designations currently used by the USDA for slaughter hogs and 
pork carcasses, as well as the basic specifications for the carcass grades 
arc given in Table 21-6. Live weights ate calculated from carcass weights 
given, so specifications may be more meaningful. 

Because no USDA graders are employed to grade pork carcasses, the 
above specifications serve primarily as a guide to producers and processors 
in evaluating relative carcass merit, as well as a guide to development 
of private grade designations by packers. Carcass specifications given in 
Table 21-6 are only a basic guide; an extensive verbal description of 
required traits is also provided by the USDA for live hogs and carcasses. 
U.S. No. 1 slaughter hogs ". . . have an intermediate degree of finish 
... are moderately wide over the top . . . width through hams is 
nearly equal to shoulders . . . hams moderately thick and full with a 
slightly thick fat covering. . . .” The corresponding U.S. No. 1 carcasses 
“. . . have near the rninimum degree of finish required for the produc- 
tion of acceptable quality cuts . . . yield of lean cuts in relation to car- 
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Table 21 6 USD A Grades for Hogs and Specifications for Carcasses (April 1958) 




Average backfat thickness Inches 


lbs (70% 
yield) 


m 

■13 

V£ 

No 3 

Medium 

Cull 



m 

1 8 or more 


<0 9 

171 234 

120 164 or 27 29 9 

13 16 

16 19 

1 9 or 



235 299 

165 209 or 30 32 9 

14 17 

17 2 0 

2 0 or 

Bsbu 

<1 1 

300 or more 

210 33 or more 

1 5 1 ft 

18 2 1 

2 1 or 


<1 2 

Sows 

Any weight or length 

IBB 



1115 

<11 


' Length measured from the forward po nt of the altch bone to the forward edge of the 
first rib 

* Average of meaaurements made opposite the first and laat ribs and last lumbar ver 


cass weights is slightly high hams are usually moderately thick 
plump and smooth bellies are moderately long and smooth 
Carcasses in the thinner half of U S No I finish specifications but with 
thm soft bellies should be graded Medium Those in the fatter half with 
other traits similar to U S No 2 should be graded U S No 2 
Briefly the grades can be described as U S Nos 1 2 and 3 are 
optimum finish slightly overfinished and extremely overfinished respec 
fl h underfinished and Cull is extremely under 


grades of pork carcasses repre 
Th.slT„«M 'I fof ’atnb or beef grades 

relmionrittl, has shown high cor 

conformation and qSytr'ir 

yea'5j“L'Z'r‘‘ “ 8-i'”6 system for many 

provemem ,n DO k la -"d has credited tt with much .m 

substantial pnee dilfcrc'n'Sls amo ''' Packers have maintained 

ment has paid a premium "8 *hc grades and the Canadian govern 
Canadian grades and soecifi ^be top grades since 1944 

m Table 21 7 Live wrvtiu “ revised October 5 1959 are given 
gh are calculated from carcass weights given 

31 U Priiale Meat Grading 

Many processors as well a> 

af grad ng meat products incInH.IT' employ their own system 

such as ham or bacon ® ^rcasses cuts or processed meats 

Packers may have fewer praH 

quality they handle and the depending on the range i" 

customers want Some apnarentio®”^ categorization they and their 
y nsc the USDA specifications and cate 
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Table 21-7. Canadian Pork Carcass Grades and Specifications* 


Grade 

Live wi. .lbs. 
(7056 yield) 

Care, wt., 
lba.(wann) 

Length. 

in. 

Maximum fat tolerance, 
in. 

Shoulder Loin 

A 

193-214 

135-150 

29-29.5 

1.75 

1.25 


214-243 

150-170 

29.5-30 

2.00 

1.50 

8 

179-214 

12S-150 

28-28 75 

1.7S-2.25 

1.5 -1.75 


214-257 

lSO-180 

29-30 

2. 25-2.50 

1.75-ZOC 

C 

179-257 

125-180 


overfinfshed I 

D 

under 129 

under 90. or underfinished of all wts. 


Ltghl 

129-177 

90-124 




Heavy 

259-279 

181-195 




1 Ex. Heavy 

280 

196 and over 





*Canad{an Livestock Pnducts, Sept.-Nov. 1959, Meat Packers Council of Canada, 
Toronto. 


gorleS) but apply their own grade names. Review your local newspaper for 
examples of private grades, as well as USDA grades, used in retail adver- 
tising. You are probably familiar with many. 

Accuracy and dependability of private grades depend, just as the 
USDA grades depend, on ability of the grader and degree of discrimina- 
tion. Many retailers and consumers prefer USDA grades because they 
were applied by a clearly “unbiased” person, not an employee of the 
packer. Packers who use a private system want to establish and maintain 
respect for their top grades, however, so are likewise concerned that 
their employed graders be accurate and discriminating. 

Private carcass grading may be less costly since a packer employee does 
it. If he is not fully employed in grading, his labor may be used elsewhere. 
Also, where USDA graders are used, a packer grader usually reviews his 
work or else precedes him to designate carcasses he wants graded. 

A private system may be more meaningful in a particular area or for a 
particular line of meat products than USDA grades, which are standard 
for the entire country. Large processors, with intensive advertising, may 
effectively establish one of their top grades as a “trademark of dependable 
quality.” It is to compete against this that small packers like to use 
USDA grades. They feel consumers also respect these as “trademarks of 
dependable quality.” 

A significant advantage of private grading is that it can be and often is 
employed to grade cuts instead of carcasses. Because of the quality gradient 
that exists between or among parts of carcasses, or before and after trim- 
ming or processing, grading of cuts is often worthwhile. A loin from an 
extra heavy barrow carcass (that would grade U.S. No. 3) might be 
trimmed of excess backfat, and sold as chops labelled “Jones Meaty 
Select.” The shoulder from the same carcass, however, would probably 
carry too much fat between muscles and effective trimming to the "Meaty 
Select” grade would not be possible. The bacon, too, would probably 
be rather thick and fat so would be sold as "Jones Pride” or “Jones 
Budget Bacon.” 
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CYCLES IN LIVESTOCK SUPPLIES AND PRICES 


Pnce IS a function of supply and demand Supplies of live- 
stock tend to fluctuate in three rather distinct cycbc patterns 
long-term, seasonal, and weekly Long-term cycles and the 
factors which cause them will be discussed in Section 22 1 Seasonal cycles, 
which tend to occur annually, vary among species and between feeder and 
slau^ter livestock A major portion of the chapter, Sections 22 2 to 22 8, 
IS therefore devoted to these cycles A discussion of weekly cycles, most 
noticeable at terminal markets and with slaughter livestock, completes the 
chapter 


Factors which comprise demand differ between feeder and slaughter 
livestock Also, since the demand for feeders tends to follow more of ® 
seasonal pattern than does the demand for slaughter livestock, the effects 
on pnce are markedly different Because demand is so important in help- 
ing to establish pnce, producers, processors, and retailers should he 
alert to factors which influence demand and should be aware of any 
changes in demand (Chapter 25) 

Other fluctuations in livestock supplies and pnccs. unrelated to the three 
^s of cyete certainly do occur Tltete arc reasons, however, for thcu 
^uirence Perhaps an understanding of the causes of cyclic patterns will 
Uons^ ^ understanding, or even anticipating, these other fluctua- 


22.1 Long-Term Cycles in Livestock Numbers 

hog MmlKK changes in cattle, sheep, al 

usually followed bv t’ increase m cattle numbers 
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CATTLE ON FARMS, JAN. 1 



• HfifMi ctLott m»T ro» atK Ate it.t irerit tte tULLL iMloira rettCAii 

USDA 


SHEEP AND LAMBS ON FARMS, JAN. 1 



PIG CROPS AND HOG SLAUGHTER 


Figure 22-t. Long term 
cycles m livestock num 
bers Note the diftercnce 
m length of cycle among 
cattle, sheep, and swine 



306 CYCLES IN LIVESTOCK SUPPLIES AND PRICES 

in previous years Hence, beef pnccs were no doubt high in relation to 
other commodities Cattle raising and feeding were profitable 

More people started raising cattle, those who already had cow herds 
kept more heifers to increase their herd size 

But It takes several years for larger cow herds to increase the amount 
of beef on the consumer’s table The heifers have to mature, be bred, and 
calve, and the calves then have to grow and be fed for slaughter Dunng 
this time beef prices continue high and the beef business continues to 
appear attractive So cattlemen continue expansion and still more enter 
the business 


Finally, in six, seven, or eight years, supply equals or surpasses de- 
mand Beef production has expanded faster than population Beef prices 
drop Raising beef cattle becomes less profitable 
Raisers would like to decrease numbers But there is a snag Reducing 
the herd size means culling and selling more old cows for slaughter or 
keeping fewer replacement heifers and sending more, directly or indirectly* 
to slaughter This puts more beef on the market, decreasing prices even 
more So reductions in cow herds tend to occur less rapidly than desired 
Reductions continue as long as beef prices appear unfavorable and 
mil, in time, supply is enough lower than demand that pnccs increase 
Then the cycle repeats The pendulum swings — profit incentive creates 
momentum in cattle expansion, then the burden of low pnccs creates 
momentum in decreasing cattle numbers 
Certamly other factors innuence the regularity, length, and smooth- 
ss 0 e eye es Since each speaes represents a meat product, supplies 
and prices of one mnucncc supplies und pnccs of the others Wars, de- 

aZdant^ir, f may be high and prices low. eatremely 

me total meat''^’ ch=ap feed may encourage livcsloch feeding, mcreas- 

sifuauoneSLTlaL 19 ?oT"® “ 

thouA^Z’’'”u '■'"“'"“‘I by certain economic factors, 

seem to be mvmeiv P“'"™ distinguishable Sheep numbers 

plight When orice^ P™P°«>onal to the farmer’s or rancher’s economic 

unprofitable sheen nnmi, ^ farming and ranching relauvely 

on farms r^Se S ““P^" "■"> “ ‘”“^U 

yield more profit per acre'^ ner h if* ' b'Eb" ““=5 cattle wiU 

“low” times sheep mav he invested, or per hour of labor 1“ 

investment Labor is a bimr'T Profitable, requiring less grain and less 
'"’’”i^”„‘P“'rofth=-pocta,irmto™rer''''^ but a rancher’s own 

aattfe ’ *'!“* '''“P b°g nydns are shorter than 

™ y caused by differences in proUficness-— 
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age at sexual maturity, gestation period, and number of offspring. Salvage 
value of culled or surplus breeding stock is also a factor. 

The earlier discussion of a cattle cycle explained that it took several 
years for an extra heifer saved for herd expansion to contnbute to in- 
creased beef supply at the market. Heifers are usually bred at l°_to 27 
months of age, have a nine-month pregnancy, and usually give birth to 
one calf which will probably not be slaughtered for ten months or longer. 
Contrast this with a ewe which is bred younger, has a five-month preg- 
nancy, and has one or two lambs which may be slaughtered m four to 
six months. Or compare it to a gilt which is bred at eight months, fairows 
eight or more pigs at about a year of age and the pigs can be slaughtered 
in four and one-half to seven months. _ . 

Another factor is that swine herds can expand faster. Each gilt may 
farrow four boars and four gilts; the four gilts can go into the breeding 
herd. A heifer has but one calf, and chances are only 50 per cent that it 
will be a heifer for the breeding herd. And if it is, the increase in market- 
able beef is further delayed. 

When the time comes to decrease numbers, the hog man can do it 
faster and usually with less sacrifice. Surplus sows will sell for slaughter 
at prices only slightly under those for barrows and gilts. Any ewe that 
has never lambed, however, isn’t worth much for slaughter. The pnce 
differential for mature cows is also greater than for mature sows, and a 
cow is a big animal. Cattle raisers have more money invested in their 
breeding herd than hog raisers, in relation to production, so can lose more 
if they have to sell off surplus breeding stock at low prices. Hence, they 
are more hesitant to sell, tending to wait for better prices, and the decline 
in cattle numbers is delayed. 

22.2 Seasonal Cycles 

Seasonal cycles tend to repeat themselves year after year, except as 
influenced by movement of the long-term cycles or other factors. They 
are usually caused by seasonal weather variation, which affects feed 
supply as well as the animals, and by reproductive cycles. In some cases 
seasonal weather extremes dictate that certain livestock production 
schedules be followed. Though modem housing and equipment may 
counter these weather extremes, the same schedules are often followed 
because of habit or tradition. Many examples will follow. 

22.3 Feeder Cattle and Lambs 

Factors which influence the supplies and prices of feeder cattle and 
himbs arc similar. Figure 22-2 indicates the normal seasonal cycles. Note 
that heavy movement of feeders occurs in the fall. (Sec Figure 22-5 for 
feeder Iamb prices.) 



SEASONALITY IN FEEDER SHIPMENTS 
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SEASONALITY IN PRICES OF FEEDER 
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October, before snow flies, so he will not be forced to feed them harvested, 
more expensive feed. An exception is the rancher who harvests con- 
siderable forage. He will probably winter his calves, at least the steers, 
on hay, let them graze the following summer, and sell them as yearlings 
the second fall. Selling feeder cattle and feeder lambs from the range 
states in the fall months is a naturally advantageous thing to do. Supply 
of feeder cattle and lambs at markets is a function of convenient and 

economical production. , , . . . „ , ^ 

If a large proportion of feeder cattle or lambs are sold m the fall, why 
doesn’t the price drop sharply? Price is a function of supply and demand. 
Though supply of feeders has increased, in this case demand has in- 
creased also. Com Belt cattle feeders and feeders m other areas know 
by October 1, or earlier, what their feed supply will be— gram, as weU 
as hay and silage. Second, they often like to buy cattle or lambs m early 
tall to clean up forage that would otherwise be wasted--com stalks oat 
stubble, and aftermath of the hay crop. Another reason is that most hve- 
stock feeders are also engaged in a general farming operation and need 
a market for their labor during the winter. ^ 

These reasons, and others, help explain why more than six times as 
many feeder cattle or lambs move through the various marketing channels 
during any one week in October as during a particular week in early 

^''ThLvy demand for feeder cattle is usually noted in early spring 
as pastures begin to appear lush. This wave of demand moves from south 
to north as warm weather and spring rains arrive. Though this demand 
period is of rather short duration, farmers with considerable pasture land 
often bid too high for cattle so they will have “something to ^ the grass. 
In some cases “growing grass” would be more profitable. This situation 
is reflected in the higher prices during April and May charted in Figure 
22-2 (and Figure 22-5 for lambs), though supply is rather steady from 

February through July. , j , ^ i . 

Obviously there is trading in feeder cattle and lambs almost con- 
tinually through the year. Fall bom calves and lambs raised in the South 
are marketed in different seasons. Intensified feeding operations have 
created a more constant demand for feeders throughout the year. But 
there continue to be seasonal cycles. Weather extremes m the northern 
United States, especially in range areas, continue to encourage fall peaks 
in feeder supply. And these peaks, or valleys, in supply relative to de- 
mand arc a major influence on price. 

22.4 Feeder Pigs 

Because many who raise and sell feeder pigs have faciliUcs for farrow- 
ing in any season and like to keep these facilities busy, there is a rather 
steady supply of weanling feeder pigs the year round. Accurate data 
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October, before snow flies, so he will not be forced to feed ‘h™ 

more expensive feed. An exception is the rancher 
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often bid too high fo profitable. This situation 
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22-2 (and Figure 22-5 for lambs), though supply is rather steady from 

Febmary ‘h™us'' ^u'y- .. feeder cattle and lambs almost con- 

Obviously there i calves and lambs raised in the South 

tinually through the year FaU born 

cmatTd a morrco" demand for feeders throughout the year. But 
there continue to be seasonal cycles. Weather extremes in the northern 
United States, especially in range areas, continue to encourage fall peaks 
in feeder supply And these peaks, or valleys, in supply relative to de- 
mand arc a major influence on price. 

22.4 Feeder Pigs 

Because many who raise and sell feeder pigs have facilities for farrow- 
ing in any season and like to keep these facilities busy, there is a rather 
steady supply of weanling feeder pigs the year round. Accurate data 
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are not available on seasonal movement of feeder pigs, since few go 
through established markets 

In heavy com growing areas demand for feeder pigs of an> weight 
IS noticeably heavier at harvest lime, especially in years when the com 
crop IS good Higher feeder pig pnccs may encourage other hog raisers to 
sell and movement increases 

Because long term hog supply cycles arc rather short and move up 
and down sharply, they and the factors that cause them arc probably the 
major influences in establishing feeder pig pnccs Local conditions also 
exert an effect 


22 5 Supply and Price Relations for Slaughter Livestock 

Fattors which mnucncc supply of slaughter hvesiocic and pnccs re 
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MEAT SUPPLY CALENDAR 



Figure 22-3. Approximate monthly variation in production of each kind of meat for 
an average year. (American Meat Institute) 


at seven to eight months of age. There results, then, a Iremen 
hogs on the markets during November, December, an anuary, 
rowings that reach a peak in April and May. A shg t ® . 
early spring is caused by hogs farrowed in the fall (Figure ’ . 
in the winter is much higher than in the spring due to e na . . . 

of spring farrowing. aLui twice as many sows cnn'l® 
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led-a good feed but high in fiber so producing slower gams. In addiuon 
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Trends since World War II have been toward continuous farrowing and 
rapid finishing of hogs. This has caused a noticeable leveling of the 
seasonal supply cycle. This trend will no doubt continue, though there will 
still be an advantage for seasonal farrowing on farms with limited housing 
and equipment. 

Another apparent trend is the gradual shift to earlier farrowing by those 
who continue to farrow once or twice each year. This has been made pos- 
sible with better housing and equipment and has been encouraged by the 
possibility of higher prices for hogs marketed before supply peaks occur. 

Why are so many sows slaughtered in the summer? The main reason is 
that sows are usually sold after they wean their second litter. 

22.7 Slaughter Sheep and Lambs 

Figure 22-5 shows an average seasonal slaughter cycle for sheep and 
lambs, as well as price fluctuations for lambs. Note the extreme peak in 
the fall at the end of the grazing season. This is evidence that a large 
proportion of Iambs, as well as most cull ewes, are sold for slaughter 
directly off grass. 

There are two major groups of slaughter lambs — grass lambs and fed 
lambs. Lambs from farm flocks of the Midwest are usually finished on 
grass, though a few may have been creep-fed grain. Some years many 
western lambs are also finished enough for slaughter when they come off 
grass in the fall. 

There are exceptions. Some Midwest flock owners lamb early, creep- 
feed their Iambs, and market early. In the South many lambs are bom in 
the winter and raised on temporary pasture for spring slaughter. The 
advantages of these two mentioned exceptions are obvious — higher prices 
(Figure 22-5) and marketing before hot weather. But it is reemphasized 
that cycles are set by all lambs. 

The second major group of slaughter Iambs — fed Iambs — are the lambs 
that were, in most cases, sold as feeders in the fall in dry lot or on wheat 
pasture for about three months. This group keeps the supply cycle high in 
December and causes the small peak in January. 

Why does the price cycle for slaughter lambs fluctuate less than the 
supply cycle, in Figure 22-5? First, the supply curve is plotted for all 
animals slaughtered under federal inspection; prices are for only choice 
and prime lambs. Also, since lamb and mutton represent a small pro- 
portion of total meat supply, slaughter lamb prices are probably greatly 
influenced by supplies and prices of beef and pork, or even of chicken and 
turkey. 

Supply cycles of slaughter sheep and Iambs will likely remain relatively 
unchanged. Though commercial lamb feed lots are increasing and this will 
level off the supply slightly, lambs arc most economically produced on 
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SEASONALITY IN CATTLE SLAUGHTER 
BY CLASSES 
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Figure 22*6. Seasonality in cattle slaughter by classes. 


Though not shown here, caU slaughter is also highest in the fall. In 
many sections of the country where average quality, light weight beef is 
preferred (Section 25.4), many calves are slaughtered at or soon after 
weaning. Most are of mixed or dual-purpose breeding and their dams are 
good milk producers, so they carry sufficient finish at weaning time. Since 
calves do not have the desirable conformation to demand high prices as 
feeders, they sell better for slaughter. 

Most of the steers and many of the heifers comprising the cycles in 
Figure 22-6 are sold for slaughter after some feeding in dry lot. Though 
most are purchased as feeders during the fall, length of feeding period 
varies greatly. Lower quality feeders, especially those of heavier weights, 
are fed only 60 to 90 days. Lighter cattle of the lower grades are fed 
longer on a high roughage program. 

Choice slaughter cattle — from better quality feeders, fed longer, on the 
average — reach a slight peak in May, Because of the vanety of cattle 
raising and feeding programs, however, choice cattle are marketed the 
year around. Some, for example, are fed grain once or twice a day while 
grazing, for cheaper gains. Others are fed silage or other roughage for a 
considerable period before being shifted to a high grain ration. 

Prime cattle, resulting only from quality feeders, fed a long time six 

months to a year — on a high grain ration, reach their peak in the summer. 

Supply cycles for difTereni classes and grades of slaughter cattle will 
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vary grcally among markets Chicago handles mostly fed cattle from 
Illinois, lov-a, and other Com Belt States, so choice and prime cattle 
comprise a majority and greatly influence the total supply cycle there 
(Figure 22-7) Southern markets handle many fat calves and grass cattle 
The Missoun nver markets also handle quite a few grass cattle, as well as 
some fed cattle from the western Com Bell 


Figure 22*7. Seasonal marketings and price c>c!es of slaughter cattle, by grade 
m marketings of the various grades generally correspond to the popular feeding 
programs 
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Because of the great range in price level and because the demand for 
each grade of beef is rather distinct, price cycles for the grades are pre- 
sented separately. Note that the greatest range in price between the high 
and low grades is in the fall when total supply of beef and other meats 
is highest. (This situation is not peculiar to meat. With most commodities, 
low quality merchandise suffers most in price when the total supply is 
high.) 

Lower grades, which may include many animals of dairy breeding, sell 
relatively better in the spring and summer when there is a lower beef 
supply. A contributing factor to higher prices for low quality cattle in the 
spring is that farmers with grass are competing with packers for these cattle. 

Increases in year-round feeding operations may tend to flatten the 
supply curve of slaughter cattle somewhat. Inereased beef numbers in the 
South since World War 11, as well as possible production of feeder calves 
in certain feeding areas, may also tend to level out the supply. 

22.9 The Weekly Cycle 

At the terminal livestock markets most livestock is sold the first part of 
the week. Studies^ have shown the trend is most marked among slaughter 
cattle, feeder cattle, and slaughter hogs, in that order (Figure 22-8). 
Similar trends exist for sheep. 

Some terminal markets handle 40 to 60 per cent of their weekly 
slaughter cattle receipts and 40 to 50 per cent of the hogs on Mondays. 
Few markets have a relatively uniform distribution throu^ the week. 

Inefficiencies resulting from this situation are obvious. Facilities must 
be large enough to handle the Monday volume. Many pens stand empty 
the remainder of the week; unloading docks and scales are unused. Labor 
to unload, move, feed, and weigh livestoek must be hired to handle the 
heavy market days, and may not be kept busy the rest of the week. 

Why does this unique marketing pattern exist? Though slaughter is 
almost uniform, Monday through Friday, in cities where terminal markets 
are located, most people cite "more active buyer activity” as the reason 
feeders ship their livestock for the Monday, Tuesday, or Wednesday 
market. This may or may not be the real reason. Obviously packers will 
buy more livestock earlier in the week it more is present and they know 
from experience that little will be available on Thursday or Friday. 
Packers do not want to hold large numbers over the weekend, except as 
needed for Mond.iy morning slaughter. But often they must buy their 
Monday supply "in the country," from farmers or at auctions on Friday 
and Saturday, because of low Friday receipts at the terminal markets. 

More livestock feeders, too, will likely be on the market early in the 
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Most livestock is sold for slaughter on a “live” basis. Packer 
buyers estimate dressing per cent, carcass grade, and other 
quality characteristics, then offer a bid per 100 pounds of 
live weight (Figure 23-1). Accurate appraisal depends on the appraiser’s 
knowledge of factors which influence carcass merit — finish, age, weight, 
degree of meatiness, bruises or injuries, and health — and the degree to 
which each influences merit. Appraisers (packer buyers or sellers) must 
also know the value of by-products such as wool, hide, and viscera. Though 
much is yet to be learned, considerable is known about the factors which 
do influence carcass merit; much of this chapter is devoted to the topic. By- 
product values vary considerably, so will be discussed only in general 
terms. 

Buyers and sellers must also have the ability to appraise the above items 
on a live animal, as well as to estimate dressing per cent. Dressing p»r 
cent is carcass weight as a percentage of live weight, (carcass wt IF- 
svt.) X inn. ' 




Flpire 23-1. Both the com- 
mission salesman and the 
packer buyer, at a terminal 
market, must be able to ac- 
curately appraise slaughter 
livestock. The buyer, on the 
right, carries a two-way ra- 
dio to keep in touch with hu 
"head buyer" and other buy- 
ers representing his finn* a 
major packer. (Omaha Live- 
stock Exchange) 


ship or a positive relationship between age and tenderness,* at least up to 
two and a half or three years of age. Older cattle normally carry more 
internal finish (marbling) which may enhance tenderness somewhat, but 
age per se is not usually a major influence. 

Tenderness is inherited to a degree (Table 15-1). Perhaps lendcmess 
meteases with age in certain lines, breeds, or species, but decreases with 

1 W ■ K available on the innuence of age on 

pork or lamb tenderness. 

heef, mutton, and pork from older hogs 

pi^h\“f^a r:i:«v:^rm:idrvr'- 
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stronger “mutton" because they do not care for the 
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larger, harder, whiter bones, and usually a darker colored lean. Muscle 
fibers are more coarse. 

Though some consumers prefer lighter colored lean, the effect of color 
on flavor and palatability is not fully known. 

It must be recognized that USDA grades are simply a rough categoriza- 
tion of carcass quality. As more is learned about the above traits and 
their influence on quality, the grade specifications can be revised. 

23,2 Influence of Weight 

Since weight is highly correlated with age, topics discussed in the 
previous section apply here. 

Weight is associated with degree of finish in hogs because they are 
generally full fed a high energy ration and tend to fatten early in life. The 
weight of fat increases faster than the weight of Jean after the pig weighs 
about 50 pounds.” Therefore weight is of great concern to a packer in 
appraising carcass merit of hogs (see also Table 9-1, page 140). It is also 
important to the producer, since high energy rations are expensive and 
more feed is required per pound of gain on heavier, fatter animals. 

Because sheep and cattle are raised and finished on widely varied feed- 
ing programs using rations differing greatly in energy level, weight of these 
animals is not so highly correlated with meatiness and carcass merit 
Even with sheep and cattle, however, weight is important to the packer 
buyer because of consumer desire for cuts in certain weight groups. 
Housewives generally prefer small, light weight cuts of beef, pork, and 
lamb, except in the case of chops or steaks. The degree of preference 
naturally varies among species, among grades, and in different sections of 
the country. Restaurants, hotels, and institutions often prefer heavier cuts. 
They serve large groups, and heavier cuts usually shrink less during cook- 
ing, because of less surface per unit weight, yielding more servings per 
pound of meat purchased. 

23,3 Influence of Sex 

Sex is of little importance in appraising slaughter livestock except as 
it might, in the case of pregnancy, influence dressing per cent. Hogs are 
normally slaughtered at five months of age, when there is little chance of 
gilts having been bred. Also gilts and barrows are normally fed as a group 
and droves of hogs being appraised for slaughter normally contain a 
persistent 40 to 45 per cent gilts and 55 to 60 per cent barrows. Barrows 
normally carry about a tenth of an inch more backfat, and proportionally 
less lean.® 


® S. E. ZobrisVy ft at.. Mbioiiri Agr. Exp. Sta. Rex. Bull. 672, 1958 
> Ibid. 
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A similar situation exists for slaughter lambs, except that droves nor- 
mally have relatively fewer ewes (More must be saved for breeding than 
in the case of hogs ) There is little difference in finish or other carcass traits 
of ewe and wether lambs Ram Iambs arc often discounted $1 00 or more 
per cwt at slaughter time, though substantial reasons for this in terms of 
carcass quality arc not apparent when such rams arc sold at four to six 
months of age Carcasses from older rams and ewes, of course, have a 
stronger, less desirable flavor so arc heavily discounted Such carcasses arc 
not normally sold through regular retail channels, but rather arc boned out 
and mixed with other meats tor use tn * prepared ’ meal items 

Slaughter heifers often sell for $1 50 to S3 00 less per cwt than steers 
of similar weight and finish The price dilTcrcnlia! is usually larger m 
^er and heavier animals, where heifers arc more hk,cl> to be pregnant 
^ere is no apparent difference in carcass quahty, the mam difference is m 


dressing per cent, and the 


carcasses may yield slightly lower percentages 


of 


tnmmed primal cuts 
A surprisingly large percentage of heifers slaughtered arc pregnant, and 
resting per cent ts greatly lowered Even in nvnprcgnant heifers the dress- 
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Figure 23-2, A contrast in 
which is finely dispersed 
versity) 


marblins The steaks on the left have much more marbling, 
This gives more juiciness to every bite (Iowa State Uni* 


that fatty acids or other compounds carried in the fat contribute directly 

Appemnce of meat cuts is influenced by degree of finish Those with 
little marbling, especially pork, are soft and watery. They do not hold 
their shape” in dispiay cooiers and are generally not appealing to the 
consumer. After cooking they are dry and, in the case of roasts, tend to 
fall apart, making carving difficult. Cuts with too much fat are likewise 
undesirable to the consumer. 

Though the direct effect of marbling on meat tenderness, as measured 
by mechanical devices, may be slight, those who eat meat with consider- 
able marbling think it is more tender. This is probably because it is juicier 
and generally more palatable. , , . 

Though much is yet to be learned about the value of fat in meat, con- 
sumers have long demonstrated their preferenee for meat that has some, 
but not too much, finish. They want considerable marbling, but a minimum 


of outside finish. . j , , ■ . 

The amount of marbling in meat is not easUy appraised by looking at a 
carcass or feeling the finish on a live animal Generally, but not abvays, 
animals with more external fat carry more marbling within the meat. 
Correlations between external finish and marbling are usually between 0.40 

and 0.60. , , , . , 

Even so, until more accurate techniques arc developed and tested, feci 
and visual’ appraisal or other methods of measuring external fat must be 
used as an indicator of marbling. Finish over the back, loin, and rump, as 
well as over the ribs, can be felt. Since animals normally fatten first over 
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the back and fore nbs, the feel over the lom, rump, and rear nbs often 
discloses the degree of fattening v>hich has occurred 

Well finished lambs have a thick, fat lad In steers the bnskcl gets heavy 
and that portion of the scrotum remaining after castration fills Viith fat 
Cattle and lambs with considerable finish walk with some difficulty, swing 
ing a bit from side to side as fat rolls m front of the flanks, rather ^an with 
a clean free and-easy stride 

Amount of fat is inversely related to amount of lean, techniques for 
measurmg relative quantities of the two kinds of tissues arc presented m 
Section 23 5 


23 5 Meatiness 

Regardless of species, the goal m meat animal production is a carcass 
that contains a high proportion of good quality lean, or muscle It is 
ce^mly desirable to have some degree of marbling within the muscle, as 
indicated m the previous section, but excess quantities of external fat or 
wavy seams of fat between muscle groups arc definitely not desired, 
ineretore a major usk m evaluating slaughter livestock is to appraise 
meatmess-Ae proportion of lean meat (Figure 23-3) It has been widely 
demonstrated that there is much range in meauncss withm 

■" PO'k, Iamb, and barf 
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figure 16-6 Coase .it 
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Table 23-1. Correlations Between Certain Live Animal or Carcass Measurements and 
Carcass Traits* 


Measurement 

X Carcass traits 

Hogs Cattle Sheep 

Live probe 

X Per cent lean cuts 

>0.67 


Per cent primal cuts 

-0.61 


Fat trim 

0.67 


Carcass backfat 

0.81 

Carcass backfat 

X Total lean 

-0.63 


Yield of primal cuts 

-0.58 


Total fat 

0.79 


Fat content of ham 

0.66 


Fat content of picnic 

0.53 


Fat content of edible meat 

0.84 


Fat content of carcass 

0.95 

Carcass specific gravity 

X Per cent lean cuts 

0.86 


Per cent fat cuts 

-0.81 


Per cent body fat 

-0.96 

Carcass length 

X Per cent lean cuts 

0.02 


Yield of primal cuts 

0.01 

Planlmeter area of loin eye 

X -Total lean 

0.68 

Length of loin eye x width 

X Total lean 

0.60 

Per cent defatted ham 

X Per cent lean cuts 

0.89 
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Figure 23-4. Two “U.S. Choice" steers of the same weight with great contrast in 
muscling The steaks are cut from the last nb. Based on cuts yielded, the steer on the 
right had eight percentage units more boneless primal cuts and was worth $73.65 
more to the retailer. Note that this steer has thicker muscling over the back, more 
bulging rounds, and a trimmer brisket and underline. (Livestock Division, AMS, 
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from 400 pounds to o^er 1 100 pounds Techniques developed for apprais- 
mg carcass quality in heavy cattle may not be equally valuable for apprais- 
ing light cattle 

Though less research has been done on techniques for appraising meati 
ness in slaughter cattle or sheep, it is reasonable that the same principles 
apply to them as to hogs Ammals that carry more fat have less lean and/ 
or less bone If techmques were developed, Table 23-1 probably could be 
completed for cattle and sheep, with correlations of about the same size, 
at least within market weight groups 

Variations in relative meatiness among beef carcasses of the same grade 
are very apparent Many retailers personally select their own carcasses, 
they are able to choose those which will “cut out” the highest proportion of 
meaty cuts (Figure 23 4) The grading of beef carcasses according to meati 
ness, as well as finish, was mentioned in Section 21 7 
Though the probe and other measuring techmques are emphasized as 
being extremely accurate in appraising meatiness, people also can develop 
real skill and accuracy, if they are observing gam much expenence, and 
always compare their appraisal with some objective and accurate measure^ 
merits such as live probe, backfat thickness, or percentage of lean cuts 
Without such companson they might gam confidence, but not accurao 
Visual appraisal of leanness m hogs should include observation of the 
jowl, tmderline, ham, tailhead, and other points Review Figures 23-3 and 
4 in lean hogs the jowl ,s tnm and sohd, not heavy, soft, and loose 
^ ^^ooih, heavy creases and 

what Tfae ham is usuaUy some- 

ulLalW S fuU -Ite uJhead is 
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tan or r, ' T”""*'* of ^ ™wed from tbs 

»ren.e.yl^\utisrar;d\Xt*Z3 ^ “ 

bulging ''cye^m'ide' '“i!" enough for a large, 

^gmg eye muscle on cither side of Uie backbone, yet Without excess 

navr. 23 3 p„Hc „t ,e,. 
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Figure 23-6. Normal wholesale cuts of beef, pork and lamb. Darker shading indicates 
higher total value (weight X price). 

Other observations can improve accuracy in predicting meatiness, 
regardless of species. Especially meaty (muscular) animals are not 
necessarily uniform in width. Their shoulder and hind leg (round, leg, or 
ham) should be bulging and show evidence of muscling. They should be 
wider in the shoulder than immediately behind the shoulder, and wider at 
the hind leg than immediately in front of the leg. It is worthwhile to re- 
view typical muscle patterns in an animal anatomy book. Such a review 
demonstrates that animals extremely uniform in width are not necessarily 
meaty they just have fat where there normally is muscle. 
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Muscling IS especially noticeable as the animals walk. Muscle move- 
ments are not hidden by thick layers of fat, if the animal is meaty 
Proportion of high priced cuts is given much consideration in appraisal 
of slaughter animals The hindquarter and the nb area, yielding mostly 
steaks, chops, and the better roasts, is most valuable in carcasses of all 
species Figure 23-6 indicates the approximate relative value of the whole- 
sale cuts (see also Table 24-1, page 349) 

It IS apparent that high priced cuts are those with a higher proportion of 
lean and with most muscles within the cut running m the same general 
direction This makes cooking, carving, and eating easier and simpler 
These cuts also carry muscles which are normally more tender In locker 
plants and other retail outlets, the hindquarter normally sells for about 20 
per cent more per pound than the forequarter 
The range in proportion of wholesale cuts of fore- to hindquarters 
TTc??f carcasses of the same grade may be surprising In one group of 56 
USDA aoice heifer carcasses selected at random,^ the lower one third 
averaged but 47 27 per cent of their weight m hindquarter while the top 
one third averaged 52 71 per cent 


23 6 Grade 
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narcass grade of individual martohn™ ' n '’“J'^rs m estimating 

— groups of hogs was surveyed 

• RaU. Pacing Co p„va„ 



Tabic 23-2. Accuracy of Packer Buyers in Estimating Carcass Grade* 



Per cent of 


Deviations 

from 

USDA 

grades 

Deviations 

from 

USDA 

grades 

710 Steers 
& heifers 
Kans. & Mlnn.^ 

390 
Cows, 
Ky. & 
Minn. 

613 

Veal 

calves 

Wise. 

406 

Veal 

calves, 

Ky. 

319 

Lambs, 

Ky. 

444 

Lambs, 
S. Dakota 

+ 2 

0,2 

0.8 


1.0 

1.9 

i 

2.5 
j 0.9 

+ 2 

+ 1 2/3 

+ X 

16,2 

13.6 

28.4 

19.0 

32.3 

m 

+ 1 1/3 
+ 1 
+ 2/3 

0 

67.2 1 

61.8 

52.6 

62.0 

59.9 



■ 

16.2 

18.7 

13.7 

17.0 

H 

5.9 

4.0 

0.8 

- 2/3 

- 1 

- 1 1/3 

H 

0.2 

H 

1.6 


■ 

_ 

- 1 2/3 

- 2 

Av. error 
(fraction 
of grade) 

0.38 

0.44 

0,48 

0.35 

0.42 

0.55 



•Adapted from Exp Sta Bull. 6J1. October 1954. 

^Estimated from data provided. 

Results are given in Table 23-3 for the five highest and five lowest. The 
next to last column of the table shows improvement in appraisal accuracy 
achieved, when grades are estimated on a group rather than on individual 
hogs. 


Table 23-3. Accuracy of Estimating Carcass Grades on Live Hogs* 


Buyer 

Hogs graded 

Hogs graded 
in groups 

Difference 

in 

Years 

No. 

percentage 

accuracy 

groups 

percentage 

accuracy 

percentage 

accuracy 

buying 

experience 


50 

100 

149 

171 

S3 

76.0 

62.0 

51.6 

55.2 

60.4 

2 

4 

6 

5 

6 

98.0 

84.0 

77.4 

93.1 

81.1 

22.0 

22.0 

25.8 

37.9 

20.7 

9.0 

3.5 

6.0 

5.0 

16.0 

1 

123 

151 

159 

100 

151 

49.0 

55.3 

58.2 

46.9 

34.5 

5 

6 

6 

4 

6 

83.7 

76.6 

76.4 

75.5 

52.7 

34.7 

21.3 

18.2 

28.6 

18.2 

0.6 

0.5 

3.0 

2.0 
20.0 

Av. 

128 

54.0 

4.8 

80.1 

26.1 

9.9 


•Adapted from Purdue University Agr. Exp. Sta. Bull. SB 650. 1D57. 
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Estimates made for groups of hogs were more accurate Those graders 
who had expcnencc appraising carcasses tended to do a better job cstimat* 
mg grades on live hogs The corrchtion between >ears of cxpcncncc and 
accuracy of appraisal was low 

It IS apparent from Table 23 3 that there is considerable range in the 
ability of buyers to appraise carcass grade on live animals Pricing ac- 
curacy consequently may be poor when slaughter animals arc sold on a 
‘ hve” basis 

It IS emphasized that this discussion should not be interpreted as 
a recommendation for selling on a carcass grade basis Certainly many 
other factors must be considered, in addition to appraisal of live animals 
The interpretation of this discussion should be that live animals can be 
appraised relatively accurately by some buyers 


23 7 Dressing Per Cent (Yield) 

Dressing per cent of animals has no influence on the ment of the car- 
cass but IS important m appraisal of live slaughter animals Packer buyers 
carcasses, but need to calculate the 

« h'JI'’' ^ “ b'd If “ 

the animal ° pound steer by one percentage unit, 

^reaH wont.^'cln presumed If the 

Obviously Ihen*^ f ^ 5'* f'ss carcass value 

Approx'imate'dress”"' astimaiion of dressing per cent is important. 

slaughter livcstoek are gienm“TaJe 23 ! 4 '°'' 


Approximale Drcime Per Cenu ol Livesrock 



the'^rarrasT have’^omnn^^^^^ ^^fonnalion and fimsh 

Wocky usually dress hiaher fci. symmetneal ar 

the same reason Thin lon^’let-opH higher, too, perhaps f' 

tm^y cows, dress very "low necked, angular animals, such : 

V'ater m the digesUve trart^'^filf volume of feed and/' 

markedly, since the carcass thr^ ^«ssive fill lowers dressing per ce 
'weight Thickness and weight of ^ smaller proportion of h’ 

eight of cattle or calf hides, or sheep pelts, i: 



APPRAISING SLAUGHTER LIVESTOCK 

fluence dressing per cent. Also, a heavy growth of wool means a lower 
dressing per cent. 

Table 23-5 presents a survey of the accuracy of certain packer buyera 
in estimating dressing per cent of individual calves, cattle, and lambs, and 
also lots of lambs. As was true in grade estimates (Table 23-2), extremely 
low dressing animals or groups were generally estimated too high an 
high dressing animals or groups were estimated too low. Also, there was a 
tendency to underestimate dressing per cent more often than to overesti- 
mate. This might be an expected, cautious thing for a packer buyer to do. 


Table 23*5. Accuracy of Packer Buyers in Estimating Dressing Per Cent* 


Deviations 
from actual 
dressing 
percentage 


Total 

overestimated 


+ 7 & above 
+ 6 
+ 5 
+ 4 
+ 3 
+ 2 
+ 1 

0 ± .5 

- 1 
- 2 

- 3 

- 4 

- 5 

- 6 

- 7 

- 8 & below 

Total 

underesUmated 


Average error 
(percentage units) 


390 613 

710 Steers Cows, Veal 

S, heifers, Ky. Si calves, 

Kans. Si Minn. Minn. Wise. 


406 

Veal 306 27 Lots 

calves, Lambs, of lambs, 
Ky. Ky. S. Dakota 


23.0 

19.8 

18.8 

28.1 

32.5 

44.4 


2,3 

1.0 

1.0 

1.3 

— 


0.5 

0.5 

0.5 

1.6 

— 


1.3 

1.8 

0.5 

1.6 

— 

0.7 

2.6 

2,4 

2.0 

4.2 

3.7 

2.3 

2.3 

3.6 

4.7 

7.8 

7.4 

7.3 

4.4 

3.5 

6.6 

6.2 

18.5 

12,7 

6.4 

6.0 

12.8 

9.8 

14.8 

30,4 

13.3 

11.7 

21.7 

11.1 

33.3 

18,7 

11.8 

11.7 

18.7 

12.1 

7.4 

14.5 

10.3 

11.4 

9.4 

11.4 

— 

8,5 

10.5 

13.1 

9.4 

8.5 

3.7 

2.8 

9.7 

10.4 

5.4 

10.4 

7.4 

1.4 

8.2 

8.5 

4.4 

4.2 

3.7 

0.4 

6.9 

5.5 

1.7 

4.9 

— 

0,3 

3.3 

3.9 

— 

1.6 

— 

- 

6.2 

4.0 

1.2 

3.3 

_ 

46.6 

66.9 

69.5 

50.2 

56.4 

22.2 


1.5% 3.3% 3.2% 1.9% 2.83% 1.55% 


•Adapted from P«r*ef/ali'ers«y4ffr.£i/>.S(a. Half eil. 1054. 


Dressing per cent is important in appraisal of slaughter hogs, but may 
not be emphasized so much as in cattle or sheep. One reason is that there 
is less variation caused by ditlcrcnccs in content of the digestive tract, 
the pig being a non-ruminant. The second reason is that extremely fat 
hogs which grade lover, dress higher. But when live bids arc caleulatcd 
on the basis of an estimated dressing per cent, it is just as important that 
this estimate be accurate. 
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23^ By-Prodocls 

Bj pnxiucts repre^m a rathsr large portion of the \’alue of slaughter 
sheep, cattle, and cahes (Table 23 6) There is considerable ^•ar^auon in 
bj product TOlue from season to season or from jear to >ear, but per- 
centaees gnen m the table for nopcarcass by products are reasonable 
a\’erages Certain portions of the carcass such as some bones, kidneys, 
and ligaments, may also be defined as by products (Section 24 11) 


Table 2J-6 Approxjaa'e ReUtive Valot of Carcasses and B) Products 



Caxcaab 

(lacLidiag f« trim) 

Hide or 
pelt 

Other 

by piroduas 


75% 

78 0 

850 

95.0 

IS ^ 

13 6 

6 4 

9S% 

8 4 

8 6 

S 0 


In tht case of caUcs, cattle, and hogs, the «Iue of bj products does 
animals, cjccpt where cuttle 
1 Th= of »ool omed b) 

tiependmg on age, «ol 

^ dncussiouTt the sattet} of fJ 

ptodnots jaelded m In-estock slaughter k gnen m Section 24 11 
23^ Injuries 

“S«y Losses « high as 550,000,000 

•>nndliiigofsIanghter^^tS7’h^'“ “‘'™” inoirred dnnnz 
do not haic much imoaci m ^ ***“ ostinialcd.s Such figures, thou^ 

"'“'Len.^enedtoapcraoLlS 

In-estodc are familiar v.ith situauons 
some loss due to 

cattle with hogs or zccordmgly Haulmg muted loads— 

^tmals . Loading too causes more brmsmg on the smaller 

or railroad car with o.rv animals too mudi room m ® 

Figure 23-7 inostiates wh-r,. contnimte to mjmy aod btnises. 

ooonr I'otethatmostareon^rc Log and cattle breises 

Thu. cattle bm^ “ ” ?'«L Pn«i outs. 

Lherc are nsnaHj more “shiomng laser of fat- 

___ carrasses of cattle that earned homs» 





RTIOH OF HOG BRUISES LOCATION OF CATTLE BRUISES 



i 5 ure 23.7. Location of hog and cattle bruises. (Livestock Conservation, Inc.) 


that were extremely nervous. Packer buyers note these items; they also 
tcome acquainted wUh producers whose livestock often 

0 doubt many bruises are caused by tmte shinmen^^^ 

ock who lack proper facilities for restraining or loading for shipment, 
ad who forget that valuable cuts of meat Ue just under the animal s skin. 


:3.10 Health 

Though federal, state, and city meat inspection generally insures that 

neat soU at retail is free of disease and fit ^s 

praisers and buyers of slaughter Uvestock must be alert 
of serious illness When a carcass is condemned m the packing plant be- 
Ise ord^ase or^other reason the loss is suffered by the packer, unless 

the animal was purchased “subject to inspection. , . , . 

Though most cattle which have reacted to a tuberculosis test are sold 
“subject to inspection,” tuberculosis accounts for a veiy small proportion 
of cattle carcasses condemned. Major causes of condemnation for aU 
species, are pleurisy or pneumonia, entenus, emaciation, abscesses 
septicemia, and arthritis.- Large numbers of hog carcasses are condemned 
because of cholera, erysipelas, or tuberculosis. Many calves are condemned 
each year because of immaturity, having been slaughtered at only a few 
days of age. 


23.11 Selling on “Grade and Yield” 

Direct marketing of slaughter livestock was discussed at length ^ in 
Chapter 20, and it was mentioned that this affords opportunity for selling 
animals on the basis of carcass grades and weights, eliminating Ae neces- 
sity of appraising live slaughter animals. Previous sections in this chapter 
indicate that pricing inaccuracies do exist when slaughter animals are 

0 USDA, Summary of Activities, Meat Inspection Division, 1961. 
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appraised alive because of errors in estimating yield, grade, meatiness, 
and other factors 

It should be emphasized however, that pricing inaccuracies are not 
necessarily eliminated when slaughter Iivcstocl. is sold on the basis of 
grade and yield Carcass grade, whether applied by the packer or a USDA 
employee, does not always indicate the true \alue of the carcass (Section 
23 5) This IS because carcass grade is a subjective appraisal and may be 
applied by men who vary greatly m their ability to grade carcasses accord 
mg to specifications Also, selling livestock on a grade and/or yield basis 
implies considerable reliance on the packer to protect the seller’s interests 
-wrcasscs are usually weighed and graded by packer employees 

Methods packers use to buy on grade and yield vary Some include 
^orious calculations, converting carcass prices to live animal prices 

o producer how much he gamed or lost by 

selling on this basis rather than on a live basis 

mal considered, the buyer appraises grade on the live am 

a«ordml ^ f or (2) on live weight 

$25 Der cwt ^ t^i For example, he may offer 

525 30 per cwt iMhev “ <*rcssing per cent of 62 per cent, or 

the producer to coll. ^ .u per cent of 63 per cent This allows 

received Dressing animal bids he may have 

according to'' carcattT''’ '"?* offered on a live weight basis 

considered, the above procedurL*ran'h/^'’'"u'”''’ 

It must be recognired that th™ i.** oombined in a vanety of ways 
vantages of buying slaughter i * advantages and disad 

concerned more with 1" 8''“''= and/or yield are often 

23 8) Many packers who buv "tarketed (Figure 

aad yield since this method M ‘ Ptodueers to sell on grade 
markets or auctions Terminal ** usually not employed at terminal 

mission salesmen, stockvard personnel, however, including com 

^*'mg on grade and 

such selling eliminates comoetifivv. u auction representatives claim 

er IS not written to include a cnn« i ** emphasized that this chap- 

vantageously marketed Rather of where animals arc most ad 

animals « -s restricted to appraisal of slaughter 

Si ammals on a h ®**™'’*3eeous to seU high quality, 

sell low quality, low vield^^ ^ and/or yield basis, and not prof- 
of the «'ho appLse live 

'’S 7V o’^erestimate the vain underestimate the value 

^ ® the poorest (Sections 23 6 and 




- 








« V. ♦Kftc#^ located in feeding areas rather than at 
Figure 23 8. Most ‘ interior p„ce is calculated, according to 

terminal markets— buy livestock o" 8"' - „,so sdi on live appraisal, i£ 

grade as the cold carcasses are weighed Sellers may a 
they wish (The Rath Packing Co ) 

T. V. I i,»»o nhserved however, that catUe carrying considerable 
It has also been ^ jj^oounted too heavily by packer buyers 

dairy breeding are , ^asis Many of these cattle pro- 

riir^' h"h Jiahty carcasses, having been fed long enough and on 
fg“od S ration In such cases it ts advantageous to sell on a car- 
cass grade and weight basis carcasses his anunals 

The feeder who IS famiUar i^m^^ -Uing method he 

normally produce ^o a oonsistent quality and h.s feeding 

“rgeL^ pra~^ 

dressing per cent of his animals and carcass grades 
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24 


Section 2 6 discussed the meat packing industry as a part of 
animal agnculture This chapter will cover meat processing, 
from live animals to retail cuts, wieners, and other meat 
Items m the retail counter 

processing mdust^' should be 
tennis a H f > Ptooessors compete for both purchase of raw ma- 
uualitv or^nnf't >>'>'’0 '“tie control over 
Sectron g "’“y increasing, see 

■s penshable alP perishable— it must be sold (4) Since meat 

markets, and also in some t * States, usually near terminal 

a certain area of the ccuntrv^'Mf'*? “"“* “s“nhy operate within 

areas, rather than near termm i developed in livestock producing 

much of their livestock diren Such companies, therefore, buy 

panics wiih single plants onerat ""i! Many smaUcr com- 

ing area may be smaller ® *n t is same manner, though their operat- 

dominance of a few laree'^mrw*' “"'“‘y 'here was widely recognized 
progress Changes have occitrr evidence of technologicaJ 

has been a marked trend continuing TTiere 

number of years Volumes of i ^"^^^hzation of meat processing fo^ 
cities, and San Francisco slaughtered m Chicago, eastern 

huilt in livestock producing areas^ ^^^"^ sharply More plants have been 
Larger companies are Hr. 

The I*f«ntage of"4r’r"'?"""y of 'he business than 
* Willard F Williams 7 p * aughtcred by the four leading firms, 

315.1958 
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for example, dropped from 54 per cent m 1916 to 31 per cent m 1954. 
Between 1947 and 1955 the four largest packers decreased from 40.4 
per cent to 36.4 per cent of the hogs slaughtered. Packers ranking from 
fifth to tenth in size, however, increased from 14.6 to 21.2 per cent. 

Independent packers (those who operate one or a few plants rather 
than a national chain) tend to specialize in species or qua i y o lye 
stock slaughtered. Less than one third handle all three species; more tha 
20 per cent slaughter only one species. Many handle only certain grades 
catering to specific outlets such as supermarkets, or hotels and mgh 
clubs. 


24.1 Slaughter Procedures 

Though procedures vary among species, livestock slaughter always in- 
cludes bleeding, removing the hair or skin, and removing the viscera- 
trachea. lungs, esophagus, stomach, intestines, accessory 
and reproductive organs. The head is also removed, and the carcass 

Oittle are usually stunned with a cartridge or air-driven “bolt pistol,” 
in plants operating according to federal or state ‘‘^7 
laws, so they are immobile and can be shackled and hoisted ^ he am 
for bleeding. Calves are sometimes stunned electncally. In either case, 
bright lights are often used to blind the animals to the abroach of the 
stunner’s hand. Since the animals are only stunned, the heart conunues 
to pump while the animal is bled, forcing out more of the blood The 
head is skinned out and removed and the animal is then <1 to the 

floor or onto a moving skinning table. Shanks are skinned out and re- 
moved at the knee and hock, and skinning continues. 

Great skill is developed by cattle skmners, to avo^ cutting the hide or 
damaging the appearance of the carcass with the kmfe. In recent years 
an electrically operated knife, requiring a less skilled operator, has been 
developed. Some packers have installed large, complex skinning machines 
(Ficure 24-11 Some work sUll needs to be done by hand, but the ma- 
chine does reduce labor costs. The hide of light calves is usually not 

removed till after the carcass chills. . . , u. j i, .t. 

Beet that is intended for Jewish consumption is slaughtered by the 
Kosher method Since a complete bleed is considered most important, 
the cattle arc not even stunned before bleeding. They must be bled under 
the supervision of a Rabbi or a representative of the Rabbinical Board. 
Becau^ of further restrictions on beet consumed by Jewish people 
('terilon It 7 oace 367) a large percentage of heavy, high quality beef 

are slaughm^ by the Kosher method 

Humane slaughter of hogs usually involves clectncal stunning or im- 
mobilization in a carbon dioxide-filled pit. Tlic hogs “pass out" without 
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oxygen, and are carried out o£ the pit by conveyor, then bled (Figure 
24-2). Immobilization makes the slaughtering procedure quieter, pre- 
vents some bruises, and also is safer for the workers. Avoiding excite- 
ment prior to slaughter seems to improve pork quality and prolongs 
shelf life of pork cuts subsequently cured.- ^ ^ 

Because hogs are so difficult to skin when “hot,” only the hair is removed. 
After bleeding, the hogs are scalded in a vat at about 145° F. for several 
minutes. This loosens the hair follicles so most hair is easily removed by 
paddles of the dehairing machine. After dehairing, the carcasses are hung 
from a rail for the remaining steps. The few small hairs not removed by 
marhine ate usually burned oft as the carcasses pass through a gas flame. 

The head is then removed before evisceration. , . ^ 

After immobilization, sheep and lambs are usually hoisted to a rail 
for bleeding and the head may be removed at that time. The feet are re- 
moved and the shanks and breast are skinned with a knife, but the knife 
is usually not used for removing the remamder of the ^It. Sheep an 
lamb skin, as well as the natural fine membrane called the fell which 
remains on the carcass, are so tender that they are easily cut with a knde 
Instead, fists are forced in between the skin and the fell to remove the 
pelts. Experienced men can do this job rapid y without dama^ng the 
«lts or tL appearance of the carcass. The fell helps prevent shrinkage 
rf the carcass in the cooler and also gives the carcass a smoother ap- 

^'E^sferation of all species is essentially the same. The sternum and 
pelvic bone of cattle and hogs are split with a saw or kmfe for easier 
evisceration. In sheep only the sternum is spUt. Evisceration proceeds 
with the animals hanging from the rail by the rear shanks. ReproducUve 


organs and intestmes are . , „ , , t- 

(stomach, esophagus, lungs, heart, liver etc.) follows (see also Figure 
2-8 page 30) Kidneys, and the fat which surrounds them, are usually 
left’ in beef and lamb carcasses but arc removed from pork carcasses. By 
tradition, the spleen is usually left in lamb carcasses. 

In plants under federal or state inspection, viscera removed from an 
animal must be identified with the corresponding carcass until checked by 
the inspector (Section 24.2 and Figure 2-8). The liver and heart arc 
then separated from the remainder of the viscera. Value of the viscera 
is further discussed in Section 24.1 1. 

To facilitate rapid chilling of the meat, large carcasses are split down 
the backbone with a cleaver or saw. Beef carcasses arc split completely 
and sides arc handled separately. Pork and veal carcasses are usually 
split to the top of the shoulder or neck. 

“J Whmer-Pedersen nnd Hans Rieman, Am. Meat Inst. Found. Circ. 61, p. 89, 
l96o! 


first cut loose and the remainder of the viscera 
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Carcasses are then thoroughly washed and prepared for the cooler 
Beef sides are usually covered with a “shroud ” This heavy piece of 
cloth, previously soaked m salt water, is pulled tight around the outer 
portion of the side so that after chilling when the shroud is removed 
the side will present a smooth, neat appearance The small amount of 
salt bleaches the outer layer of fat The shroud also prevents some cooler 
shrmkage The fell on sheep carcasses serves the same function, so does 
the skin on pork carcasses and the hide on light calves 


24.2 Inspection 

A circular purple stamp (Figure 24-3) on a cut of meat bearing the 
essage Inspected and Passed” means that the meat was processed 
!^no ^ y approved plant, is wholesome, and is safe for human 
flit- ^ stamp IS applied by trained inspectors, employed m 

I, appeVrs on all U S meat 

and meat products which move in interstate or foreign commerce 



Figure 24.3. The federal meat m 
spection stamp on the left is ap- 
plied to each wholesale cut on 
carcasses approved The number 
refers to the plant where the stamp 
was applied The inspection state 
ment on the right appears on pack 
ages of processed meat items such 
as chili or wieners 


The Meat Inspection Act of ton/; ^ , t. 

handle meat or meat products m 

assure sanitary preoaratmn h shipped interstate be equipped to 

qmrements urc un ample s'upX 

system, abundance of natural ^ a an adequate sewerage 

and ample hot water for cleanin'^ artificial light, adequate ventilation, 
not comply With federal retruu,^ *^Iants which sell within a state need 
'^h^h exist ® are subject to any state rules 

l^eral law, the government ^iref 

Tnc only costs bom bv the r« assigns the meat inspectors 

to requiremeS equipping and maintaining the 

animals, carcasses, or product resulting from condemna 


« <-0 , Chicago. 1956 
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Federal meat inspection applies to cattle, calves, swine, sheep, goats, 
and their meat food products. Horse meat is covered by different regula- 
tions; poultry and poultry product inspection is conducted under the 
Poultry Division, Agricultural Marketing Service of the USDA. 

Meat may be inspected three times, before slaughter (ante-mortem), 
after slaughter, and as product — ham, sausage, chili, etc. 

All animals entering an inspected plant are checked while they are m 
motion and also at rest. If they display symptoms of conditions that 
would render their meat unfit for food, they are tagged • * °° 

demned.” Animals whose soundness is doubtful are tagged ^ uspec 
and are slaughtered separately from other animals. Suspecte amma s 
are given a more thorough post-mortem examination. Animals boug t y 

the packer "subject to inspection” (Section 23.10) are also usua y an e 

this way. 

Inspectors, usually graduate veterinarians, are located at certain 
points along the dressing line to examine each carcass, head, an viscera. 
The lungs, liver, spleen, and lieart, and also lymph glands on the carcass, 
are closely checked for evidence of disease. If evidence exists, each carcass 
or portion deemed unfit for food is marked “U.S. Inspected and on 
demned,” then consigned to scaled rendering tanks according to specific 
regulations. Usually, less than 0.25 per cent of the carcasses are con- 
demned. Portions of a carcass may be condemned because of bniises or 
localized infections and the remainder of the carcass passed. 


24.3 Cooling 

Carcasses must be cooled rapidly and thoroughly to insure preservation. 
Coolers in packing plants are usually held at about 35“ F. Large fans 
keep the cold air moving for more efficient cooling of the meat carcasses. 
Many coolers are equipped with germicidal lamps, preventing develop- 
ment of certain molds and bacteria which might contribute to spoilage. 

Pork carcasses are usually chilled 18 to 24 hours before eutting. This 
allows the thicker portions, such as the ham and shoulder, to be completely 
Chitlert tn 35” Also the pork fat beeomes hard and therefore allows 
ealiLr cutUng Of th^ carcass into wholesale and retail cuts 

Lamb and mutton carcasses are also cut, or loaded for shipment, after 
18 to 24 hours in the cooler. Shipment, of course, must be in refrigerated 

rail cars or trucks. j i 

Because beef carcasses are larger and thicker, complete cooling re- 
quires more time. External fat is usually hard enough that shrouds arc 
removed 12 to 18 hours after slaughter, but carcasses arc usually not cut 
until 30 hours or more have elapsed. Top quality beef is sometimes kept in 
the cooler longer for aging (Section 24.7). 
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24 4 Meat Grading 

Just as the federal inspection stamp (Figure 24-3) signifies that meat 
beanng the stamp is fit for human food, the federal grading stamp (Figure 
24-4) designates relative meat quality Reasons for having and using 
carcass grades were presented in Oiapter 21 



Figure 24-4 The federal meat 
grading stamp 


Shading is not mandatory, except as may be required 
rSLt purchases or by ordinances m a few cities The 

therefMB available to processors who want it, the packers 

USDA eradM service Many retailers demand 

“gcve^rn^'num^^^ buy EssL.ally no pork ts 

men who do^e^pra*!r grading service bear the cost, the 

Grading Branch of thruSDA^'c'’’/”'*™*"’' 

plant on perhaps several ad, acemptau"" “ 

they have chdled^n'*thf <rarcasses are usually graded after 

been rerauved GrTde sue??'"’ «■= °f beef, shrouds have 

Casses have chdled aL ft. , cas.fy followed after car- 

down" so the grader can ann,°' carcasses are often ‘ nbbed 

as well as the exterior of *be quality of the lean m the eye muscle 

'’TnS'tetleS'* 'ttraa 

temporary mdicatinc determines the grade he usually applies a 
USDA stamp appears on ev,. ^ “rolls” the carcass, so that the 

cuUrom that carcass ^ wholesale cut and on almost every retail 

applied by a packer emplosM ^ certain packer are usually 

specifications similar to those i!? a "tanner (Figure 24-5) Though 

grade designation or sia USDA grades may be employed, the 
u«d by the USDA "*''st be clearly different from those 




Figure 24-5. A packer em- 
ployee "rolling” a beef car- 
cass with the packer’s grade 
name. Almost every retail 
cut will carry the grade 
name. Also note the federal 
inspection stamp located on 
each wholesale cut. (Swift & 
Co.) 



24.5 From Carcass to Cuts 

Wholesale cuts ot lamb, beet, and pork, and where they come from on 
the carcass are presented in Figures 24-6 and 24-7. Though most lamb 
leaves packing plants as an intact carcass, many heavy lamb, yearling, 
and mutton carcasses are broken into wholesale cuts. This aUows more 
effective merchandising. Heavy lamb legs or loins are preferred by many 
hotels and restaurants, but they have httle use for other parts ot the 
carcass. 

Though some beef is shipped to wholesalers, retailers, and restaurants 
as “quarters,” an increasing amount is broken completely to wholesale or 
retail cuts in the plant. The needs ot each individual buyer are more 
easily met. Cuts are sorted by weight groups and can be packed in 
boxes or crates for easier handling. Fat trim can go directly to rendering 
faciiities in the plant and lean trim can be used for hamburger or pre- 
pared meat products. 

Some processors have gone further in merchandising beet. A few 
prepare and sell retail cuts — steak, roast, or hamburger — in family sized, 
transparent, vacuum-sealed packages, bearing the packer brand name. 

'15 
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I c*^ Flgnre 24-8. A pork cutting 

,S' "■-■■'?. \ ^ I line in a packing _ plant 

f^,' L Mechanization of cutting has 

/' * ft *' been easier for pork because 

' of relatively uniform size 

^ V ^ «/ » carcasses. (Geo. A. Honnel 

-- — — >■ &Co) 

Retailers merely distribute the product and contribute nothing to the 
processing. 

Pork carcasses are nearly always reduced to wholesale and retail cuts 
y the packer because (1) hams, bellies, and sometimes other cuts ate 
cured and smoked, tequinng expensive equipment, and (2) the large per- 
*’“ '®"‘i=red directly into lard by the packer. 

■" culling carcasses, though 
sw a " 'i'" 24-8), Because carcasses vary hi 

of lahn. f ’• futness, and other characteristics, development 

E«mmriow’“'‘’T'"' has been sbw. 

beef the crfl oraU*^^r? “^“Casses, such as cutter and canner grades of 
«^s«s a ? 0 , „ cc extremely soft pork 

certainlv ’edible an wholesale or retail cuts. The meat is 
suable appearance toThe^ ^ "“"“'C'®' hut presents a less de- 
may be completelv “bo Such carcasses, or parts of carcasses, 

from the boul then Mld'ts'bLr' 

wide vanety of nrenareH meat or used in one or more of a 

products. Items such as sausages or canned meat 

24.6 Uan and Primal Cuts 

emphasis has been nnT*”* *^ference to pork since great 

are the trimmed ham loin ^cenl years. The lean pork cuts 

good quality, meat type ca’ma< (Boston butt and picnic). 0° 

cent lean while the bellv enm • about 65 to 70 pcf 

carcasses should carry 50 1 ““ 35 per cent lean. Such pork 

leasts. or more of their weight as trimnica 

Prices of various wholesalp^™»*° expensive cuts on a carcass. 

24-1. In pork the primal cuts ^ typical day are given in Table 

Pnmal cuu of beef are the m / shoulder, and belly- 

round, lom. and nb. Note that most of the 
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weight of the hind quarter of beet is composed of pnmal cuts. In lamb 
the leg, loin, and rack are the primal cuts, essentially the same porUon 
of the earcass as in beef. The leg of lamb usually represents about hal 
the value of a earcass even though it comprises only about one third of 
the weight. 


Table 24-1. Prices per Pound of Wholesale Meat Cuts on a Typical Day 



Pork 


Lamb 


Cut 

Approx, 
percentage 
of carcass 

Price 

per 

lb. 

Cut 

Approx. 

percentage 
of carcass 

Price 

per 

lb. 

Cut 

Approx, 
percentage 
of carcass 

Price 

per 

lb. 

Round 

Loin 

Rib 

Chuck 

Shanks 

Brisket 

Plate 

Rump 

Flank 

Trim 

19 

18 

9 

25 

6 

5 

8 

3 

5 

2 

$ .53 
.73 
.54 
.40 
.26 
.33 
.31 
.34 
.38 

Ham 

Loin 

Belly 

Boston 

butt 

Picnic 

Spare 

ribs 

Jowl 

Trim 

1.00 

15.00 

11.00 

7.00 
.50 

2.00 
3.00 

34.50 

$ .41 
.46 
.36 

.36 

.34 

.44 

.28 

Leg 

Loin 

Rib 

Shoulder 

Breast 

Shank 

Trim 

33.00 

10.00 
12.00 

23.00 

17.00 

3.00 

2.00 

$ .55 
. 4 
. 8 
.37 
.24 
.24 


The percentage of trim is greater on pork because more fat is removed 
from the cuts at the plant and the beUy is tnmmed down to a standard 

"'In Uve animal selection, whether for slaughter feeding, or breetog. 
it is apparent that we should pick animals with a high proportion of the 
high priced primal cuts. The percentage of the carcass which the cut 
comprises multiplied by the price per pound shows the relative importance 
of each cut in selection. 


24.7 Aging and Tenderizing 

Protein digesting enzymes* (proteases) present in fresh meat tissue 
wiU cause meat to become more tender in Ume. These enzymes apparently 
cause chemical breakdown of certain meat components, such as connec- 
Uve tissue The enzymes ate most effective at higher temperatures. 

Special aging coolers are maintained at temperatures of 55° to 60° F. 
and equipped with ulua-vioiet light of the proper wave length to inhibit 
bacterial growth and spoilage. A signiBcant improvement in tenderness 
results when meat is held at these temperatures and 80 to 90 per cent 
humidity for three days. The same eHect results from aging two to three 

weeks at 35® F. 

Aging meat involves some expense, so only the highest quality meat for 
the most discriminating customers is aged. Choice and prime beef and 


* J. L. Sliwmski et a! . Am. Meal Inst. Found. Dull. p. 20, 1961. 
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lamb carcasses, or primal cuts from these carcasses, are more often aged 
Besides the special cooler and equipment, extra labor is involved in 
handling the carcasses or cuts The meal loses weight dunng agmg and the 
surfaces of the cuts usually need to be tnmmed away after aging 

Other methods may also be used One leading Chicago steak house 
ages ribs and loins m stainless steel cans Bacterial growth is controlled by 
mamtainmg the right ratios of temperature, humidity, and pH, as well as 
the amount of oxygen available for bacteria growth Certain antibiotics 
might also be used to inhibit bactena development (see Sections 26 2 and 
26 7) 

Lower quality meat is usually not aged because the slight improvement 
m quality does not merit the expense Also, beef or lamb with less external 
finish would shrink more Rather, purified enzyme preparations are used 
to improve tenderness of less tender cuts, especially beef 

One large meat processor® presently tenderizes considerable beef by 
pre slaughter injection of a purified enzyme solution, papain, into the 
blood stream The enzyme is quickly pumped to all tissues by the heart. 
Much remains m tissue capillaries with circulatory fluid, even after the 
ammal is bled 


>0 cause tendenzalion untU cuts are 
withm a cooking proccss (Carcasses are chilled 

rekaTed f apparently not 

This nartir 1 * mto the muscle tissue until cooking begins 

of “oltreg progresses, action 

"“•’P"'’ » •'--e little dan^r o£ “over 

.re?es,rs — 0£ liee£ n. ad 

IS usually n« a or treated with enzymes because tenderness 

marketed at a vounp a ’ people who want the best Hogs are 

contamssu.:e„Ta:tmt.^- 


24 8 Cnnng and Smoking 

Boston butts are somei!m«™°^i^PP'^'^ cured meat products Picnics at 
•leet bnsket, and^trr, L ““ and tendcrlon. 

Items ^ oiay be cured and smoked as special 

to the type and size of p^rSu^ r! ^raong processors and accordu 

adds a distinct flavor but ai<n t, i ® preservation process, smoku 

■^Coewer 


r- .... K^vaciVdllOn \ 



Figure 24*9. Removing hams 
from a stainless steel smoke 
oven. Temperature and 
smoke density in the ovens 
are closely controlled. (Swift 
&Co.) 



Salt, the main ingredient in curing soiutions, promotes preservation 
by its mere presence in meat tissue, since many bacteria will not grow in 
high concentrations of salt. The salt also promotes dehydration of tissue 
cells, further inhibiting bacterial growth. Sugar is usuaUy included in a 
curing formula to help maintain desirable flavor and color of cured meat. 
A small quantity of potassium nitrate is also used to promote a bright pink 
color. Processors may add other distinctive flavors to their curing solution. 

The curing ingredients are usually injected into the fresh cuts in solution 
and the cuts are then rubbed with a dry cure. This allows a uniform and 
rapid cure throughout the cut. Formerly, most bellies were only rubbed 
with dry cure and packed in special rectangular cans; hams were packed in 
a barrel in a Uquid brine cure. Much time had to elapse— up to two weeks 
for belUes and six weeks or more for hams— for the cure to penetrate the 
entire cut. Such procedures were cosUy and not adapted to assembly line 

processing. 

Time of cure depends on size of cut. Usmg present methods bellies cure 
in about two days, and hams in about two days per pound. Curing solution 
is injected into fresh pork bellies through a battery of needles. Hams are 
cured by use of a longer needle injected in several locations or by injecting 
the curing solution into a main vein under pressure. The solution is then 
distributed via the capillaries to all parts of the ham. 

Cured cuts to be smoked are hung on racks in specially constructed 
smoke ovens and are usuaUy smoked about 18 hours at 125® to 
135® F. Smoke to penetrate the cuts is usually generated from chips of 
some nonresinous wood, such as hickory, apple, oak, or maple. More time 
is required if the smokehouse temperature is lower. One packer has experi- 
mented with an assembly line smoking procedure. Bellies are negatively 
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charged then exposed to positively charged smoke particles Electric 
attraction causes rather complete smoke penetration. 

Many hams are sold as ‘ ready to cat” haras These usually base been 
held m the smokehouse 18 to 24 hours The mtenor of the bams must 
reach 155° F and be held at that temperature for at least two hours 
Tnchmae, found m a very small percentage of pork, are killed by this 
treatment Curing and smoking procedures, as well as other steps in meat 
processing are closely checked employees of the Meat Inspection 
Division, USDA. 


24 9 Other Processmg Steps 

The conUnued preparation of a large number of meat items in a typical 
packmg plant would make a lengthy story The story w'ould include many 
things, from freezing, sliemg, and packagmg cured and smoked bacon 
(bellies) to formulaimg and cannmg chih Some packers specialize m 
certam prepared meat items such as chili, wieners, or unique sausages, sad 
may buy extra meat tnmimngs and mgredients from other packers so they 
«n produce enough to fill orders In some alies, compames have 
developed to produce only such prepared meat items 
Dozck of kmds of sausages are produced in Amencan meat processing 
planu Wieners and bologna are probably the most popular Wieners 
muaUy are made from a misture of beef and pork tnmmmgs, 
chopped, and^ed mth certain spices and flavors This mixture is forcrf 
>1'«> linked by a speaal machme, cooked, and 
mal™ T ““’dn of the wiener Another 

yi'lding “skinless franks" 
Sieih!;;! u r nis^ctors check here, too, on processmg equipment 

wieneis coma ^ analysis of finished wieners they make sure the 

wieneis comam sufficient lean meat 

casmgs”fj commonly for sausages, natural 

types of sausages 

bc.u^s;”srbe^,TsL"tir^^ 

SomrSlsTu^f m “ny be sold fresh or smoked 

fresh, though they too mwhi "'tnt Heart and hver arc usually s^ 
meats ^ ^ “sed m special sausages or other prepared 

through new' ch^*'on.''rack”T'* “tthandise certam meat c^ 
canning a special ham lout '““Pk. developed a process fo 

for long pentxis Tlus has “““ "kued at room temperature 

»hich remain after boning ^ Iremendous outlet for the tmnfflin® 




Figure 24-10. Frankfurter skinning 
used for the casing so effectiveness 
checked. (The Rath Packing Co ) 


machines in operation Striped cellophane is 
of the skinning machines can be more easily 


Soups and canned meats, as weU as chili, provide outlets for meat that 
cannot be effectively merchandised as retail cuts. To produce such items it 
is apparent that the packer becomes more than a disassembler of meat 
animals. He must also buy other ingredients, formulate these specialty 
items, and be equipped to produce them. 


24.10 Meat Distribution® 

In 1954 there were 4.357 independent meat wholesalers operating in 
the United States and 664 packer branch houses. These serve as a major 
link between packing plants and retaUers, hotels, and restaurants, though 
many packers serve customers directly from their plant with truck routes. 
The number of independent wholesalers almost doubled between 1929 
and 1954, while the number of packer branch houses declmed about 40 
per cent. 

An increase in the number of large food store chains, and also collective 
or cooperative buying by certain groups of independent grocers, have 
caused further changes in meat distribution patterns (Figure 24-1 1 ). Many 
such groups deal directly with packers on large purchases, then distribute 
the meat items to their various stores. Probably over 40 per cent of the 
meat sold at retail is currently handled in this manner. Some food store 
chains operate their own packing plants, so buy their meat supply as live 


“Willard F. Williams. /. Farm Economics. X1-;3I5, 1958 
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MEAT DISTRIBUTION CHANNELS ’ 

Unifec/ Sfafes, 1954 



I ^ A] 00 totot vOLVat lAStfi QM VALut 00 moat 

* mmiMiix nt:i0 cuiit A0O0to<ituo^7t Allttij 

• l)«U»H0(.S CONSVIOL OKI INO •«*» CiCet uwtj * ’ A If H rH4M » I fftc»*T 

chaineli m 1954 emphasize the direct movement of 
meat irom packing plants to retail stores 

feed tots”"' ranches A few operate commercial 

faZ!" ‘"^'P'l'lem wholesalers is apparently due to several 

iestai?raZ‘”‘ ^ ““'“ae m meat consumption m hotels and 

Zacd''", h, I T*' Second, a number of shipper type 

Lets in Z “ producer areas and must depend on whole 

plTerrhZvfi. a r' 'h'-r Produci Also, existing 

may be too ih "i ^ specialize more, so also rely on wholesalers It 
mem of lare’e nnev"'"'''’''* problems inherent in manage 

-"degZTofZtS^^^”'” ■“ 

on and qSrpnrerto'reteikZT'‘’^t salesmen who regularly caU 
competition and the crodiTrt ’ restaurants There is much 

challenging Meat itern« \a ** Perishable, so the salesman’s task ts 
gng Meat items sold are then delivered by refngerated truck. 

24 11 By-Products^ 

of meal processine oleomargarine to footballs, are by products 

^ Byproducts arc defined here as any product other 


chicaco rasa 
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than meat, prepared meats, or specialty meats. From five to 30 per cent 
of the income received by packers from the sale of processed meat animals 
comes from such by-products, varying according to species, animal quality, 
and price fluctuations (see also Table 23-6, page 334). Pork carcasses 
usually yield a higher proportion, of their total value as y-pro uc s, 
primarily because of the high proportion of fat trimmed off during proc- 
essing. The pelt is the most valuable single by-product of sheep and the 
hide is the most important cattle by-product. 

Cattle hides are the major source of leather, for shoes, luggage, purses, 
book bindings, garments, and athletic equipment. One company is experi 
menting with leather wall and floor tile. Hides vary in qua ity, t ose 
carrying brands or grub holes are less valuable because there is more 

waste in their use. .... j c. 

Beef cattle have thicker hides than cattle of dairy breeds. Steer hides, 
or hides from well-fed animals, are thicker than hides from cows or 


poorly fed cattle. . , • r u * 

After slaughter, hides are cured by soaking in a saly brine for about 

24 hours, or in piles with dry salt between hides for 30 days or 

hides are then made into leather by tanning, so they will not be subject 


to bacterial action. , , . . , , „ 

Most tanners are specialists and buy cured hides from packers. ’Hie 
tanner removes the hair and any flesh by machine The hides are then 
immersed for several weeks in tanning Uquors made from certain wood 
bark, or for a few hours in a liquid containing chromic salts. Most heavy, 
top quality hides are tanned by the former process to give maximuin shock 
absorption, puncture resistance, and wear. Chrome taiming is used more 


for ffght cattle and calf hides. r i. 

Fats are a major by-product. Edible fats, kept fit for human consump- 
tion throughout processing, are rendered to make lard or tallow so are 
eventually used in spreads, pastries, candy, and other food items where 
shortening is used. Inedibie fats are used for candies, glycerines and 
other chemicals, plastics, lubricating oils, and hundreds of other materials. 
They are also used in livestock feeds, especially for poultry and swine, be- 
cause of their extremely high energy value. 

Blood meal, meat and bone scraps, liver meal, and bone meal are also 
used in livestock feeds. Their names imply their origin, each product being 
dried after excess fat is extracted, and ground. Tankage is simply a mix- 
ture of blood meal with meat and bone scraps. See Table 6-4, page 80, 


for nutrient content of these feeds. 

Wool, pulled from the pelts after slaughter, is made into clothing, 
blankets, etc., but also yields lanolin. This material is refined from wool 
grease and, because of its similarity to human skin secretions, has become 
popular as a base for many ointments and cosmetics. 

Carpet padding, insulation, gaskets, furnace and air-conditioner filter 
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pads, plaster binder, small brushes, and dozens of other items are made 
from cattle hair Most hog hair is used for cushion padding, but is usually 
mixed with longer cattle or horse hair For effective use as paddmg, this 
hair must first be curled by machine 

Glue and other adhesives are mostly protein and are derived from 
collagen, a type of connective tissue extracted from hide or bone Another 
type of animal adhesive is made from dned blood Though gelatm is 
chemically and physically very similar to glue and is made from the same 
matenals, it is used mostly m foods 

Over 35 different drugs or pharmaceuticals are purified from glands 
and organs removed during and after livestock slaughter ACTH, thyroid 
extract, and insulm are common to all Trypsm, a protein digesting enzyme 
from the pancreas, is used to liquefy pus and debns in wounds The liver 
yields an extract for treatment of anemia Many other examples could be 
given 

24 12 The Packer and His Profit 

The meat packing industry spends much money for advertismg 
year, telling producers and others that the packing industry is a low profit 
industry Figures such as those m the left column of Table 24-2 are often 
quoted 


T.bl.241 N« Earning, of Alius Manutacwnng Corp, », Meat Packer, 1960« 


Per cent of 
sales dollar 


Per cent of 
net worth 


AU manufacturlRg corporations 44 g j 

Mezt packers 

0 8 6 6 

f « first glance, but remimier sine 

Msing is'to rampm^prorn 

mdustnes Even expresKd m tb " of net worth with othe 

lu^ften between three and 

heavy lt“st«r pr,^a“” P^hers are those of extremd. 

pnees) Packers apparcnllv rank “dually low hvestoc 

relatively fixed. Most ennmral^!'' “““y ™ volume Many costs et 
slaughter volume sales offl " coolers must operate, regardless o 
Unually The indUtry u a P““* 

unionired Hus means a ‘"'■“try and the labor is bigW 

be guaranteed, regardlessrslauStervoIur' 
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How much meat do people eat? How does consumption of 
beef, pork, lamb, and poultry compare? Do income, occupa- 
tion, location, religion, or season influence amount, species, 
or quality of meat purchased and consumed? What are the trends in meat 
consumption, relative to other foods? What factors cause these trends and 
wiU they conUnue? Available information on these questions will be dis- 
cussed in this chapter. , , , , 

The term meat in this chapter refers to beef, veal, pork, lamb, ”“«on, 
and poultry. Red meat includes all but poultry. Estimates given in charts, 
graphs, etc., are usually based on pounds of meat sold at '■etail with or 
without bone and does not include wastage or shrinkage that occurred in 
the packing plant or retail market. Meat purchased as soup, chili, wieners, 
etc., is also included. 

2S,1 Elasticity oE Demand for Food 

The demand for food is relatively inelastic. This means that ^ 
consumption doesn't change much, even when the consumers ability to 
buy food increases or decreases. In other words, the “Amencan stomach 
doesn't change much in size when consumer incomes go up or down 
Data to support the above accepted principle is difficult to obtain. 
Accurate estimates of the pounds d food do- matter consumed are not 
avaUable. Food volume estimates, supplied by the Agricultural MarkeUng 
Service, USDA," indicate that per capita food consumption increased 13 
per cent from the 1935-39 penod to 1960. During this time however, per 
capita purchasing power increased much more than this. Increased pur- 
chasing power did not cause a corresponding increase m volume of food 

consumed. . . ... - - . 

Furthermore, an analysis of changes which occurred m kmds of food 
consumed (further discussed in Section 25.2) indicates thm pounds of 
food dry matter probably did not increase even 13 per cent. Consumption 
of grain food products (85-90 per cent dry matter) dropped markedly, 

■AMS, USDA, National Food SIlualtan, May 1961. 
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while consumption of meat, eggs and some other high moisture foods in- 
creased 

The amount of money spent for food per person per year did increase 
from the 1935 39 penod to 1960 (Figure 25-1) The main reason, how- 
ever, was inflation A second reason was that consumers were buying 
higher quality food items The sli^t mcrease m volume consumed protv 
ably contributed little to the increased expenditures These points are 
illustrated by the bottom half of the graph 



0 ’ I , oHoodi | | . | 

1930 1935 1940 1945 1950 1955 

L .... „ „„ 

USDA. AMS 

but not at a “ duposable income has mcreased. 

cIothing™M™shdieracr' f inelastic as that of food Though 

clothes and larger houses wim P™P'= 

money to spend When mo ™ ' conveniences when they have more 

sporting equipment and m “cs. more cameras, »°cc 

besic principle for all “^/‘’“^''luuvely melastic demand— is u 

food, plus those who senir/[r‘''“' ™‘*=‘'5P'"d Those who produce 

sobjea to the pnnciple lit , end process the food items, uK 

''hich contributes to sumliiti-*' considered an ‘occupational hazard" 
P uses and low pnees when too much is produced 
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or a “blessing” to people in such occupations when consumer purchasing 
power is low. Even then, people still have to eat. 


25.2 Meat vs. Other Foods 

Though people tend to eat about the same quanti^ of food rega^less 
of econ^irconditions, there might be significant shifts 
of food consumed. Table 25-1 shows some of the changes in consumpUo 
of various types of food during a 25 -year period. 


Tabic 2S-1. Per Capita Consumption of Major Food Items* 



Averse 

1935-39 

Average 

1947-49 

1959 

1961 

Red meats (carcass wt.), lbs. 

Fish (edible wt.), lbs. 

Eggs, (no.) 

Poultry meat, lbs. 

D^ry products (total solids), lbs. 
Fruits, lbs. 

Vegetables, lbs. 

Grains, lbs. 

Fats & oils (incl. butter), lbs. 

127 

11 

300 

15.6 

68.4 

154 

331.7 

214.5 

45.4 

148.5 

10.5 

385 

22.0 

72.6 
151.0 
323.8 

184.5 
42.4 

159.5 
10.7 

353 

35.2 

69.1 
123.1 
296.3 

161.6 

46.2 

161.2 

10.6 

323 

37.9 

67.0 

118.4 
301.8 

161.5 
46.7 

•ERS, USDA, ATatJOfUj/ Food Situation, Februar>' 1962 . 


One of the most significant changes noted in Table 25-1 is the decrease 
in consumption of grain products. The decline in .egetable consumption 
was caused mainly by a drop in potatoes, sweet potatoes and bean The e 
particular vegetables and grain products are relatively low m protein but 
are high in starch (digestible carbohydrate). They are, therefore, con- 

sidered “enercy” foods. . , , . j • 

During thel«ri 0 d of time covered by data in the above table and since, 
AmericaL ha« decreased their human energy needs. They work fewer 
hours per week. They use more machines and do less strenuous physical 

labor. They walk less, ride more. r. r 

Further there has been strong and effective publicity on the tenefits of 
reduced body weight. Insurance companies, educational institutions, and 
others have shown data which says fat people die youn^. People are 
more conscious of their appearance and want to be tnm Jhe benefits of 
ample protein and less energy for continued good health, especially m 
older people, has been widely demonstrated. High protein, low calone 
diets have been glorified, and rightly so. 

At the same time, economic conditions in the United States have im- 
proved. Consumers have had more spendable income and, even with in- 
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flation, more purchasing power They have been able to afford the more 
expensive high protem foc^s, such as meat and poultry products Improved 
processing preservation and transportation of these more penshable foods 
may also have contnbuted to their mcreased consumption Also, m some 
later years heavy production of meat animals because of ample feed sup- 
plies resulted m heavy marketings and lower paces, animal products were 
therefore more easily afforded by the consumer 

Though It is accepted that the total amount eaten per person doesn’t 
change much, there is real competition among groups of food items, or 
even specific foods If consumption of one food mcreases because of con- 
sumer income, health, fad changes in relative food paces, effectiveness of 
merchandising or promotion and advertising, then consumption of some 
other foods will probably decline 

Meat promotion, designed to increase consumption, is discussed m 
Section 25 8 Producers and processors of other food items — citrus, 
potatoes wheat, milk, and others — also spend much money on product 
promotion The net effect of these promotional programs is not apparent 
ones have been veiy effective It is doubtful, however, that total 
food consumption (dry matter) will mcrease as a result of the combined 
campaigns 


25 3 Trends in Meat Consumption 

to increased from the pre-World War II era 

(TaSs 2) ^ 

consumed it * JThou^ less poultry meat than red meat is 

increased ’l25 per cent consumption 

50 per cent, respectively Pork consumption 


Table 25 2 Per Capita Consumption of Meats* 


Beef (carcass wt ), lbs 
Veal (carcass wt ), lbs 


Average 

1935-39 



Average 
1947-49 1959 


199 
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increased only 11 per cent, while veal, as weU as lamb and mutton, e- 

clined. What are the reasons? , 

The marked increase in beef consumption was probably ““ed by 
several factors. Because beef and pork are consumed m largest qua^t^ 
they probably exert the greatest competitive effect on each other (Figure 
25-2). Discussions of some of the factors foUow: (1) Beef ^ 
average, are more expensive than pork. Increased 
power allowed people to shift some purchases from por o . 
long been considered more of a luxury item than pork. (2) ^ 

than pork, on the average. Since people needed less “ 

more weight conscious, more people preferre t e eaner . 
farm population declined and urban population ™s 

show city people eat more beef and less pork than farm people (see also 

Section 25.5). 


PFRceNTAGE of CONSUMER'S DOLLAR 
SPENT FOR BEEF AND PORK 


% 

* 

Pork 

r — -A— 

- 

3 





2 


Beef 



1 

- 

, 1 ■ ■ 1 ■ ■ ■ ■ 

p«ice 

CONTKOL 

, 1 1 1 1 . . ... 

’ > ’ ’ 1 ’ ' ' ■ 


1920 


1930 


1940 


1950 


1960 


nf consumer income spent for beef and pork. Between 1930 
rnrSe SdfeTsSO-s the proportion spent for pork declined; beef increased. 


Decreased lamb consumption between the 1935-39 period and 1961 
miaht be due to some of the basic causes discussed previously, but there 
are other considerations. First, iamb is a luxury meat. Higher income 
tamiiies eat more (SecUon 25.6), but consumptidn has gone down during 
a time o£ increasing consumer purchasing power. The reason, then, must 
lie in the areas of production and distribution rather than in demand. The 
study of long-term trends and cycles in livestock numbers (Chapter 22) 




MEAT CONSUMPTION 


362 

disclosed that sheep population grows during economic depressions and 
recessions, but constricts markedly m times of farm prospenty Production 
dropped sharply during World War II 

As lamb production declined, distnbution problems arose that may have 
further discouraged production A 1955 survey, for example, indicated that 
fewer than half of the retail stores m the U S handled lamb People 
patronizmg the other half of the stores lost the habit of eatmg lamb Also, 
because lower volume means distribution and handling costs are probably 
higher per unit, Iamb had to be offered for sale at relatively high prices 
Several factors contributed to increased consumption of poultry meats 
(1) Relative production costs went down Great strides in nutritional and 
genetic knowledge provided rapid growing strains of chickens and turkeys 
that utilize feed efficiently Concentration of production m fewer, but 
larger, units further lowered production costs and much competition within 
the industry helped hold down retail pnces (2) Merchandizing was very 
effective This included promotion, attractive packages, and attention to 
umform quality of product Chicken is often sold as packages of legs, 
mighs, gizzards, etc (3) Smaller breeds made turkey a year around 
family food item 

Trends m meat buying habits other than the volume trends discussed 
P"'" '"*>•« culs ihan formerly 

coobed prepared items that can he 

suend 'r Housewives have more money to 

iScentave ''“"“y "’“'s A larger 

timetoprepare^meX’'" 

but will nrobahlv^tiF!^^'^^ mHuence hvestocl: producers of the future, 
“on the finne Ime’ impact on processors and retailers who are 

the finng Ime m compeUng lor the housewde’s dollar 

25 4 Geographical Preferences 

A 1955 survcv* indicator! 

southern states ts lower than , consumption in the 

was highest m the north central"'*'” “unity Consumption 

most intensified The South animal population is 

veal, and lamb, but hiehesr** capita consumption of beef, 

probably due more to trad., P”* oonsumption differences arc 

P"se '“come, and other factors than to location 

hoit IS of Iimim™s'im£nFr7 "* P'‘’='= ^5-3 The infomia 

results are not surpnsin'E"'l7w»77, I' °nly one week, but the 

probably a reflecuon of forom if* “““niption in the Northeast is 
■ncome and eseited demand for meat items with 


, uciuana 

-'-/-Me, Ms,., sg 
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Table 25*3. Total Red Meat and Pork Consumption in the U.S (Pounds per person m 
one week, Spring, 1955) 



Red meat. lbs. 

Pork, lbs. 

United States 

3.02 

1.14 

Northeast 

3.07 

0.98 

North Central 

3.37 

1.23 

South 

2.57 

1.26 

West 

3.31 

1.00 


•AMS, USDA, Consumption Patterns for Meat. May 1958 

a higher luxury index (Section 25.6). The difference ir. pork consumption 
between the north central and western states is probably explained by the 
fact that most pork is produced in the north central area and httle 

produced in the West. . _ j •„ .v,„ cr,„th 

Note in Table 25-3 that about half the red meat consum d Sj* 
was pork, while in other areas pork represented on y 

the red meat consumed. And, until the demand for 

dueed much less pork than was used there. This "'dicate a demand for 
pork, in preference to beef and other meats, strong enough t° Pt>y 
transportation costs. (Even with these costs ^rk is 
pound.) Southerners like cured pork, too, perhaps another reason for th 

"'tiss.rTC'.oa -“fr'” j »: 

country (Figure 25-3).= Though 65 percent of the ‘ 

the 36 states between Nevada and Delaware, raise and 
cent of the sheep, they eat only about 30 per cent of the lamb -nutton 
The high consumption of lamb and mutton in the East and West 

Coast is probably greaUy due to reUgion (Section 25.7) and income 

^'Ita^mos^l’ambs are slaughtered at about 100 pounds and grade good 

or choice at slaughter, there can be little geograp ic P 

quality of lamb. There may be a tendency for lamb ronsumed in the 

western states to carry less finish because more 

directly from the range and are fed less grain. This i er 

ing, however, as more grain is grown and more feed lots develop m th 

western states. . , i* j i. 

A vivid picture of the geographical preferences for beef was supplied by 
one of the large packers who asked its branch house managers scattered 
across the country what proportions of carcass weights and grades they 
would order for their trade territories if they could have their full choice. 


® Farm Journal, Dec. 1955. 
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25.5 Raral and Urban Consumption 

Farmers in the United States obtained half of their meat from slaughter 
of their own livestock, accordmg to a 1955 survey * The proportion was 
less, but the quantity the same, compared to a 1942 survey This means 
farm meat consumption increased dunng that time, mainly because of 
increased meat purchases New and larger home freezers facilitated a shift 
from pork to beef on farms Formerly, because cunng was the only 
practical method of most preservation on farms, most animals farm 
slaughtered were hogs 

Farm families eat very little lamb or veal (Table 25-5) Most is con 
sumed by urban dwellers Though farm families have shifted some to beef, 
they continue to eat more pork and less beef than those who live in cities 
No doubt this IS primarily due to habit and custom, but may also be in 
fluenced by income The fact that farm people, who produce the meat, eat 
less total meat than urban people may be disturbing to some, especially 
when producers finance advertising campaigns urging people to “Eat More 
Meat ” 


In'e week Spams' iVss”'’’"" Ih' US (Pounds per person m 


Red meat 

Beef 

Veal 

Lamb & mutton 
Pork 

Variety meats 
Luncheon meats 


u s 

Urban 

Rural nonfarm 

Farm 

3 

02 

3 17 

2 80 

2 

82 

1 

25 

1 34 

1 10 

1 

18 

0 

08 

0 10 

0 05 

0 

02 

0 

09 

0 12 

0 03 

0 

02 

1 

U 

1 13 

1 15 

1 

21 

0 

10 

0 11 

0 08 

0 

07 

0 

36 

0 36 

0 39 

0 

32 




mcomc than consumphon by u^anTum I '"w" ** ">1’“="“ 

groups eat much less meat ih-.™ . * . m 1°" 

But if incomes arc high— over 

higher ^ — farm meat consumption is muci 


25 6 Consumption Ts Income 


Income is referred to m the 

rural vs urban consumption af on geographical preferences and 

and quality of meat consumed ? factor influencing amount, speaes 
and quality than on amount P”^bably has more influence on specie* 


<AMS USDA.Cou.„^„^„ 


'‘‘•"maforUa, May 1958 
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Section 25.1 discussed the elasticity of demand for food and explained 
that it was rather low— people don’t eat much more food when they have 
more purchasing power. Rather, they tend to eat less low qua ity oo 
items and more high quality foods, such as meat, milk, an eggs, on 
sumers will also direct a larger part of increased purchasing ^wer to 
higher quality meat, or species that have more esteem or luxury va ue, an 

to increased quantity. . , v i 

Using economic terms, we might say that certain meats— ani , vea , 
steak— have a greater elasticity of demand than pork, boiling beef, or 
luncheon meats. Higher purchasing power will cause increased consump- 
tion of the former, but will have little effect or perhaps a decreasmg effect 
on the latter. It must be realized that the effect of increasing famdy income 
by $1000 per year may be considerably different when the shift is f o 

$2000 to $3000 per year than from $9000 to $10,000. 

Trends in consumption of various meats as influenced by 'ncome are 
given in Figure 25-4. It is apparent that average demand elasticity s 
highest for lamb, veal, and beef in that order. In other 
consider lamb to be more of a luxuiy item, 
poultry meats, on the average, rank between beef an 
Index 

Po;k is less of a status meat than beef or <^hcr meat^ It is more of a 
stable dietary item for most families. Only in the West, 
produced and pork on the table is more of a treat, is pork consumption 

conelated with income, 

25.7 Holidays and Religious Beliefs 

A few relations between meat consumption and “c mli^ous 

beliefs are well known. Turkey has long been the traditional meat for 
Thanksgiving and Christmas, though ham is a favonte in some farmlies 
Catholics^ over seven years of age (30 million or more in the U.S.) 
are bound not to eat red meat and poultry on Fridas, and on about a 
dozen other special days scattered through the year. “ 

and dairy pr^ucts as sources of animal P™‘'‘". q 

important as an influence on meat demand 
years of age are bound to fast during the week days of 
catends a month and a half, from Ash Wednesday to E^tcr FaM ng 

means, where health and work allow, '’"■y nm mmT nr 
other meaUess meals, suflicient to maintain strength and not totaling 

Jinoihcr full meal, may be taken. u,, 

Hebrew dietary laivs” have great influence on meat consumed by the 

“Calendar for 1962. UudEct Press. SalOT. Ohra. 

“Hrr /ier Crpl. fliill. 9. S»itl * Co . Ctiicato- 




Sih “"11 consumption m the Uraled Slates 

patterns mean meat is hauled great distances (tom producer to consumer. 


L°rt,\r r “ Table 25-4 and serve as a basis for 

city as weU as °th h '•'c location of each 

roldmltenttot?^^^ charactertsbcs of the population in the city and sur- 


Tahle J5.4. Approsimate Proporttons of Beef Grade, and Weights Preterred- 


Washington, D.C. 
Rtchmond. Va, 
Columbus. Ga. 
Miami. Fla. 

Reading. Pa. 
Oklahoma City. QUa 
Ponland. Ore 



Washington. D.C. jOi-oOU' bOl-^Qo'^ 

Richmond. Va. * 2^0 

Columbus. Ca. ° 30 60 

Miami. PU 50 n 

Reading. Pa. 0 0 20 

CUatenaaty. Oku. 5 ? 50 50 

Rortlaod. Ore. 40 10 

~ . 30 30 

An™,p. — 

Chicago. 1354. 
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Though there is an apparent outlet for every weight and grade of beef, 
there are large geographical differences in preference. The deman or 
high quality, heavy weight beef in the Washington, D. C. an lanu 
areas implies a high income population. Much of the beef consumed in 
Washington, D. C. is eaten in restaurants, perhaps by many who are on 
an expense account. Even those who aren’t— the many tounsts and 
visitors — eat in restaurants. Surveys have shown that peop e eat more 

meat when they eat out, and they eat higher quality meat. 

Consumption in Miami and some other main cities o ^ m 

reflect the income and preference of the many residents and visi ors ro 
the North. In keeping with the demand for heavy and g qua i y * 
the Washington and Miami areas want nearly all steers, a few heifers, bu 


no cow beef. . , 

Richmond, Virginia provides an interesting comparison for Washing- 
ton. Though only about 100 mUes away, lower quaUty and lighter weig 
beef is preferred. Probably more of the Richmond beef e^s are 
permanent residents rather than commuters or tounsts they ea a 
more, at restaurants less. And they may well have lower 

Columbus, Georgia, and Oklahoma City provide a 
ington, Miami, or Wchmond. Very Hght carcasses, from ammals weighij 
under 900 pounds alive, with average or lower quality are Colum- 
bus wants only 50 per cent steer carcasses and 35 per ’ 

reflecUng the quality level preferred. Residents of 

the branch house would serve surroundmg towns as well as the c y) y 
have lower incomes, but it is also probable that their current ^ 
fluenced by habit and tradiUou. A larger percentage were ^ 

in a rural, low income environment, where pork and ower q y 


were the main meats in the diet. . „ . 

Geographical preferences for meat are not nccessanly static. But th y 
usually do have basic causes and shifts occur only gradually. Those m 
volved in the meat industry should try to learn what these causes are so 
they might appreciate the stability of certain preferences and anticipate the 
shifts. 

Current geographical preferences are probably caused by an 
of factors, including the following; (1) Grain available fo^ ° 

and sheep to higher grades or for raising hogs — until recent y<^ars, g y 

lacking in the Southwest and South. Many natives of t esc 

have seldom eaten choice or prime beef. (2) Cost of 

nioving dilTercnt grades of beef or lamb to all areas of t ® ^ * « 

Area of the country, rural vs. urban, income level, and ot e . j 

^environment under whlcli current residents of certain areas uc 
snd the quaUty ^inruluriU vshich resulted. (4) Current mcon 
quality standards, (ri) IncUln— habit and tradition— of meat p 

'wholesalers, and it'lulh'rp». 



368 


MEAT CXDNSUMPTIOV 


VALUE OF MEAT USED, URBAN FAMILIES 

Averoge of Home per Person One Weeir Spring 1955 
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those «ho loi'lot'^Hrtre™ aw*e™ JS" 

eat only the front quarters of berf hot eat pork or larti, a 

Jind inspected according m crv. J slaughtei 

Jews do not follow thcAp met ^ ^ ^gulations Conservative and Refo 

required « closely 

consumptron rs dKcussad^m iZ. *'““E’“atihg beef intended for Jew 
niand forbidding Jcuish ofaon! 1 According to a Bibbeal co 

ot the icms and fat arc areas of fat, so 

are removed from Kosher beef and lamb Removal 
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the veins and undesirable portions from the hindquarters would leave tlw 
meat in shreds-unattractive, difficult to cook and handle and ve^ 
expensive because of the high labor cost. Therefore, ° “ 
utilize forequarters of high quality beef and lamb; the hindquarters ar 

readily sold to restaurants and hotels. 

Much of the beef and lamb intended for the Kosher ^ 

near the place of consumption. There are severa reasons. , 

Jewish faith requires that meat be sold within 72 hours after slau^te 

be given a special washing. Even after such washing the meat is often 

difficult to sell. Also Kosher meat dealers prefer to buy their beef “d lamb 

immediately after slaughter because it is easier to remove 

fore the meat is chiUed. Therefore, purchase of high 

lambs by packers at markets, for the Kosher trade, . 

eases four such davs occur within a ten-day penod, and in two other 
ases. four such day desienated. These holidays, then, might 

eases, two successive high quality, well-finished cattle 

have a marked influence on deman^^^^ are normally purchased for the 

KosheTlrade, erj^cially it they follow or precede a three-day weekend. 

25.8 Promotion of Meat and Meat Products 

Meat is a competitor of other high protein foods of animal ori^n, such 
as cheese or eggs! or of fish. Meat aiso competes, to a degree, with other 
kinds of food. Mrs. Housewife has a choiee^real vs. bacon and eggs 
for breakfast, bean soup vs. hamburgers for lunch, or a mixed casserole 
vs. pork chops for dinner. Most Americans eat meat at least twice a day 
but there is still competition with nonmeat food items. Lard competes 

with vegetable oils tor cooking and baking. . 

Most oromotion and advertising is aimed at urging the consumer to 
buv more of a commodity, or to buy a higher quality product costing 
more money This is certainly true for meat. Much promoUon is based on 
the nutritional value of and need for plentiful quantities of meat in the 
diet especially for youth and for elder citizens. Some promotion is based 

’ • Hnvnr aroma, juiciness, tenderness — tliat comes from 

on enjoyment — tia>or, -*v , , .... 

eris bacon beef roast, or cured ham. Though some advance the idea 

ihaT there is “pr«ligc" in eating more meat, there is less of this type of 

promotion for meat than for most consumer items. 

Processors and reiailers naturally promote meat. It is the processor’s 
main business. Rcteilcrs consider meat a rclatisely high profit item, so 
spend considerable amounts on mc.it advertising. 
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Many organizations sponsor meat promotion on a national scale. The 
National Livestock and Meat Board, representing producers, markets, 
processors, and retailers, and with a staff of 40 or more people, has an 
extensive promotional program They provide professional talent and 
visual aids for radio, television, cooking schools, meat exhibits, and cut- 
ting demonstrations, as well as teaching matenals for use in schools and 

Figure 25-5. The above advertisement was designed for medical publications Note 
the medical terminology (Am. Meat Inst) 
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colleges. The operations of this group are financed by contnbutions from 
growers and feeders, deducted by marketing agencies at marketing time, 
and matched by packers. Current contributions per head made by each 
group are two cents for cattle, two thirds of a cent for calves and hogs, 
and two fifths of a cent for sheep and lambs. ... 

The American Meat Institute, a national trade association for meat 
packers, also provides meat promotional matenals m the form of films, 
booklets, and teaching aids. In addition, they finance considerable meat 
advertising in national magazines (Figure 25-5 ) . , „ t 

Many national and state organizations, such 
CouncU, the National Swine Grower’s Council, and the American Sheep 
Producer’s CouncU. have developed “self-help” programs to finance pro- 


motion of their products. 
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Meat technology includes the study of meat from the stand- 
point of the consumer, as a food which supphes both 
nutrients and pleasure, and from the standpoint of the proc- 
essor and distributor, as a perishable product to preserve and handle 
Appraisal of meat produced under different feeding and management 
programs is also a part of meat technology In fact, much current research 
IS aimed at establishing reliable appraisal techniques for evaluating meat 
as a fTOd Nutnent content can be checked chemically, but evaluation of 
meat flavor, aroma, juiciness, and palatabihty is less easUy done 
Vanous preservation techniques are studied in meat technology, not 
omy to measure their effeaiveness m preventuiE spoilage, but also to de- 
termine if they affect nutnent value or palatability 

26.1 Nutritive Value 

"> 80 per cent, on an air dry 
eSn ™ o' most meat isn’t 

such comnan Compare fairly the nutnent content of foods, 

“df r am nansed by 

“more protem "San tbe descnptive phrase 

have a higher Dcrcentnir * advertising Some dry cereals may 

when figures are adiusted f certain cuts of fresh meat, but 

content of meat IS usually “”dcms, the protein 

Human dietarv 

tern) are similar to those of (components of pr^ 

Human diets comtxviLpd nr,^ i nimmants discussed m Chapter 6 
m the same cnUcal nutne t ^ ^gctable matenal are usually lacking 
tains fte dieSJJ « "Tal " lack. Meat con 

satisfactory proportions ^cids, as well as other ammo acids m 

building, meat is cs^^w"* "”Podant ammo acids needed for tissue 
y important m the diets of children, who are 
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TaWc 26-1. Approximate Nutrient Content of Certain Meats and Other Foods, R y 
to Eat* 


Dry 

matter, Protein, hydrate, 

% % __jL- 


Fat, 

% 


Calories 
per lb. 


Ribo- 
Vit. A, flavin, 
I.U./lb. mg./lb. 


40.0 

32.0 

trace 

8.0 

90.0 

72.0 

trace 

18.0 

47.0 

35.0 

— 

11.0 
oi n 

90.0 

67.0 



38.0 

90.0 

29.0 

69.0 

0.7 

1.7 

8.0 

19.0 

87.0 

90.0 

12.0 

12.4 

1.4 

1.4 

53.0 

54.6 

43.0 

90.0 

20.0 

42.0 

6.0 

12.5 

3.0 

6.3 

96.0 

90.0 

7.0 

6.6 

85.0 

80.0 

trace 

trace 

25.0 

90.0 

2.1 

7.6 

14.0 

50.4 

trace 

trace 

26.0 

90.0 

11,0 

38.0 

1.0 

3.5 

11.0 

38.0 

13.0 

90.0 

4,0 

27.7 

5.3 

36.7 

3.5 

24.0 

10.0 

90.0 

4.0 

36.0 

5.7 

51.3 

trace 

trace 

29.0 

90.0 

21.0 

65.0 

- 

4.5 

14.0 


60,000 

125,400 


Lean beef 
(2.25)1 

Lean pork 
(1.91) 

Lean lamb 
(2.37) 

Bacon 
(1.03) 

Liver, beef 
(2.09) 

Corn flakes 
(0.94) 

Potatoes, baked 
(3.6) 

Eggs 
(3.46) 

Whole milk 
(6.92) 

Skim milk 
(9.00) 

Chicken, no bone 

(3.10) 

inciudlnc USDA, IP59 Yearbook of Agriculture. 

•Data collected Irom several pnc. of Ninth Res. Conf. Chicago. 101, 

“Food”; Ruth M. Syne. Am. Meat last. Found. Butt. No. 50. 1956; 

1957; B. S. Schwelgert and Interstate Printers and Publishers. Danville. III., 

P. T. Ziegler, The Meal We Eat. The inie 

1954. „„„ds of food In natural state equivalent to one pound 

‘Figures in parentheses are xne ^ allows comparison of nutrient content of 

of air-dry food (90 per cent dry matt i. 
foods on a uniform dry matter basis. 

J older ueoplc, whose amino acid needs for tissue 
growing rapidly, ^ pjig], protein diets, including generous por- 

repair may have a ^commended following surgery or after accidents 
uons of meat, are often y^„ye loss of blood, 

that cause many w according to the cut, degree of finish, and 

pro^rt®nT*e fat actually eaten. Many people trim excess fat carefully 

“"cC“e"r VexplaTned that three classes of nutrients-carbohydrates, fat, 

. ‘ fnerev. Fat consumption vanes, and meat contains 

the main potential energy source m meal. But many of the ammo acids arc 
used to build tissue or to make cnz>Tncs and hormones. Also, protein has 


1,067 

2,400 

1,130 

2,158 

913 

2,164 

1,425 

1,468 

617 

1,290 

1,760 

1,654 

288 

1,037 

640 

2,214 

330 

2,284 

180 

1,620 

610 

1,891 


trace 

trace 

trace 

trace 

trace 

trace 


trace 

trace 

4,800 

16,608 

1,000 

6,920 

25 

225 

427 

1,324 


0.77 

1.73 

0.82 

1.57 

1.40 

3.32 

0.75 

0.77 

150.00 

313.00 

0.48 

0.45 

0.13 

0.47 

1.12 

3.88 

0.84 

5.81 

0.88 

7.92 

0.80 

2.48 
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Meat technology includes the study of meat from the stand- 
point of the consumer, as a food which supplies both 
nutrients and pleasure, and from the standpoint of the proc- 
essor and distributor, as a perishable product to preserve and handle 
Appraisal of meat produced under different feeding and management 
programs is also a part of meat technology In fact, much current research 
is aimed at establishing reliable appraisal techniques for evaluating meat 
as a food Nutnent content can be checked chemically, but evaluation of 
meat flavor, aroma, juiciness, and palatability is less easily done 
Various preservation techniques are studied m meat technology, not 
only to measure their effectiveness in preventing spoilage, but also to de 
termine if they affect nutnent value or palatability 

26 1 Nutritive Value 

f™"’ “> 80 per cent, on an air dry 

eSn a,r Of conrsa most meat isn’t 

such comn^’ ’v! compare fairly the nutnent content of foods, 

•'>= cf comparabla dry matter 

fc^drrawan end other selected 

Collcction^ofdaia"f™'' Discrepances in the table are caused by 
collection of data from aumerons, scattered sources 

"more protem *tha^ cereal products have used the descnptive phrase 
have a higher nercentav^' itself" in advertising Some dry cereals may 
when figures are adiustS f certain cuts of fresh meat, but 

content of means usually 

tern) arc sim'i!a7 lo'’th^'of other no 

Human diets comoosfsH T,n t ”°"'™™mants discussed in Chapter 6 
m the same critical nutnp '^getable material are usually lacking 

tains die d!eSJ“ swine rations lack Meat con 

satisfactory proilo™™ as well as other ammo acids m 

building, meat is important ammo acids needed for tissue 

P y important m the diets of children, who at« 
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Table 26-1. Approximate Nutrient Content of Certain Meats and Other Foods, Ready 
to Eat* 


Dry Carbo- Ribo- 

mattcr. Protein, hydrate, Fat, Calories Vit. A, flavin, 
% % % % per lb. l.u./lb. mg./lb. 


Lean beef 
(2.25)^ 

40.0 

90.0 

Lean pork 
(1.91) 

47.0 

90.0 

Lean lamb 
(2.37) 

38.0 

90.0 

Bacon 

(1.03) 

87.0 

90.0 

Liver, beef 
(2.09) 

43.0 

90.0 

Corn flakes 
(0.94) 

96.0 

90.0 

Potatoes, baked 
(3.6) 

25.0 

90.0 

Eggs 

(3.46) 

26.0 

90.0 

Whole milk 
(6.92) 

13.0 

90.0 

Skim milk 
(9.00) 

10.0 

90.0 

Chicken, no bone 
(3.10) 

29.0 

90.0 


32.0 

trace 

8.0 

72.0 

trace 

18.0 

35.0 

_ 

11.0 

67,0 

— 

21.0 

29.0 

0.7 

0.0 

69.0 

1.7 

19.0 

12.0 

1.4 

53.0 

12.4 

1.4 

54.6 

20.0 

6.0 

3.0 

42.0 

12.5 

6.3 

7.0 

85.0 

trace 

6.6 

80.0 

trace 

2,1 

14.0 

trace 

7.6 

50.4 

trace 

11.0 

1.0 

11.0 

38.0 

3.5 

38.0 

4.0 

5.3 

3.5 

27.7 

36.7 

24.0 

4,0 

5.7 

trace 

36.0 

51.3 

trace 

21.0 

_ 

4.5 

65.0 

— 

14.0 


1,067 

trace 

0.77 

2,400 

trace 

1.73 

1,130 

trace 

0.82 

2,158 

trace 

1.57 

913 

trace 

1.40 

2,164 

trace 

3.32 

1,425 

_ 

0.75 

1,468 

— 

0.77 

617 

60,000 

150.00 

1,290 

125,400 

313.00 

1,760 



0.48 

1,654 

— 

0.45 

288 

trace 

0.13 

1,037 

trace 

0.47 

640 

4,800 

1.12 

2,214 

16,608 

3.88 

330 

1,000 

0.84 

2,284 

6,920 

5.81 

180 

25 

0.88 

1,620 

225 

7.92 

610 

427 

0,80 

1,891 

1,324 

2.48 


•Data collected from several sources, IncludlnB ;S5S Eecrteoi o/A^.c»t are, 

■■Food”; Ruth M. Levertou, Am. AIro( Inst.. Proc. of N, nth f”/' ""“f • f 

1957; B. S. Schwelgert and Barbara J. Payne, Am.alrol 

P. T. Ziegler, The Meat IVe Eat, The Interstate Printers and Publishers, Danville, III., 

> mlnres In parentheses ate the pounds ol toed In natural state P™"'* , 

of air-dry food (90 per cent dry matter). This allows comparison of nutrient content of 
foods on a uniform dry matter basis. 


growing rapidly, and older people, whose amino acid needs for tissue 
repair may have accelerated. High protein diets, including generous por- 
tions of meat, are often recommended following surgery or after accidents 
that cause many wounds and considerable loss of blood. 

Energy value of meat varies according to the cut, degree of fimsh, and 
proportion of the fat actually eaten. Many people trim excess fat carefully 
and eat only the lean. 

Chapter 4 explained that three classes of nutrients — carbohydrates, fat, 
and protein — supply energy. Fat consumption varies, and meat contains 
only insignificant amounts of carbohydrate. So, in most cases, protein is 
the main potential energy source in meat. But many of the amino acids arc 
used to build tissue or to make enzymes and hormones. Also, protein has 
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a high specific dynamic action — ^meaning that much energy present in 
the meat is used up while the body is metabolizing the protein So, m 
effect meat is not necessanly a hi^ energy food m terms of increasing 
weight In fact, meat is the major food m many reducing diets It has a 
low net ’ energy value and because people on diets usually eat less total 
food, meat helps supply some of the vitamms and minerals they would 
otherwise get from a normal intake 

Most meats compare favorably with other foods as sources of critical 
vitamins (Table 26 1) and minerals Liver, and certain other variety 
meals are especially high in these nutrients The liver is the site of active 
metabolism in the animal body, where many vitamins and trace minerals 
serve as catalysts in important reactions, and is also a storehouse for 
many such nutnents 


26 2 Tenderness 


Tenderness of meat is distinctly important to the consumer, having 
much to do with the pleasure denved from eating meat The topic of 
been alluded to in previous chapters, but usually m a 
no com reasons for the vagueness are (1) there is 

(21 lendemess (Figure 26 1) and 

s^Md HeL Ih‘'^ uinueoM tenderness are not fully known and under 
stood Hence the meat technologist has much to aciimplish m this area 



Figure 26 1 Mechanical 
technique for measuring Ico 
demess in meat Dial 
pounds of pressure require^ 
to cut a core of meat h'® 
chine IS accurate but doesnl 
necessarily duplicate the cut 
ting and grinding action ® 
teeth (Am Meat 
Found ) 
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It is known and widely recognized ftat meat "’“ly a"speS, 

acss. There is variation among species, ainong ®’'‘ variation among 
and iron, one cut or muscle to "uS ” - age! 

animals raised in the same environment a g tenderness 

Wight, and degree ot finish suggests a gene i tenderness in 

variation. Table 15-1 gave a heritability value of .60 lor 

beef, suggesting that heredity may be a nw/or in uence-^^^^^^^ 

Some research' has indicated that tende texture, the 

of the muscle fibers — the smaller the fibers an muscle 

more tender the meat. As animals tenderness. This 

liber increases, there would be an . changes during growth 

change has been observed in some cases, 

andmaturity may counteract this effect. rmirhlinel as the animals 

Deposition of fat among the muscle fibers ( improve tenderness 
grow and mature on a high energy ® ^jui-ient knowledge con- 

somewhat. There is disagreement and “ tenderness. Correlations 
ceming the importance ot marbling in m no -..gsured by mechanical 
between degree ot marbling and tenderness ■ of marbling and 
“'Vices are lower than correlations , the increased juiciness 

tenderness as measured by a taste panel. the meat is more 

censed by the marbling makes taste panel me degree of marbling 

I tender, whether or not it really -/"rlarS in tenderness.- » 

“as accounted for three to 11 per cent of the v j^o^ole 

Collagen and other connective tissue ma tenderness.* Col- 
ubers together apparently have some ii^uenre ^ ^ connec- 

agen and elastin are connective tissue em „]atin consistency and 

five tissue substance, which varies from a importance of these 

" called “ground substance.” Itoowle p tenderness is limited due to 
connective tissue components in influencing gach in meat, 

tbe difficulty in quantitatively measunng inamase the proportion of 
Certain feeding programs are known , have relatively direct 
connective tissue' in meat. Feeding rnay, effect. 

■niluence on tenderness, in addition to the “ tenderness is associated 

There is no available evidence to in ica e average, than heifers 

'“h sex. Cows and bulls may be less ten e , . ^(afetj, USDA carcass 
'' «cers simply because they are older when slaugni 

L. Harrison et at.. Kansas Exp. Sla. Bull. 941, 

Wellington and I.R.Stouirer.Cor«H 5 ,555. 

“ R- H- AUmeyer cl cl.. Am. Meal Mi'"' ”1'' j ° 7 • 51 ' 

; L. Miner el at.. Food Tech. 9:80, «»”tj"^„|ham. 1. Sei. Food Apr. 7.51. 
and Food Cem. 4:537. 1956; P. M. No. 8 ^ 

9-4^ Nelson McIntosh. D. C. Acker, and E. 

•^*8, 1961 
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grade is not a good indicator of tenderness, there is extreme variation 
within all grades 

Muscles which have been used more during the animal’s life are usually 
less tender Muscles along the back, including the tenderloin (psoas 
major) and the eye muscle (longissimus dorsi) are relatively tender 
The eye muscle is the mam muscle of the nb and loin, and extends into 
the chuck and rump (or corresponding cuts of lamb or pork). The 
tenderloin is the small muscle below the vertebrae of the loin 

There is much current interest m finding a live animal trait that could 
be used to predict tenderness of meat Such a trait could be used, not 
only for appraising slaughter animals, but also in selection of feeders 
and breeding stock Recent studies* have indicated density and diameter 
of hair to be of little value as an indicator of beef tenderness 


Tenderness of meat can be increased by aging, freezing, or treatment 
With enzymes Cooking also influences tenderness, but the effect vanes so 
much among cuts and among methods of cooking that space does not 
permit a thorough discussion here 

Aging, as a part of meat processing, was briefly discussed m Section 
24 7 Histoncally, only high quality beet cuts used m the finer hotels and 
restaurants have been aged, because of the time, tabor, and cost involved 
Recent development of high temperature aging techniques, however, 
may allow improved tenderness of most consumer cuts, even from lower 
grade carcasses Research by the Amencan Meat Institute Foundation' 
has demonstrated carcasses can be tendenred in 24 hours at 110° F 
*' ‘'"P™«' 0 'nt in tenderness being comparable to 
^no ^S'Og at 35 for two weeks In the high temperature aging, 
s[»ilage was prevented by mjection of an antibiotic two hours pnor to 
tem™rni,„,"‘^‘o “ tenderized nt the same 

and/or irrad’iationVf"the cut 

mttooical™m^“°"u^ enzymes' is centunes old, apparently first done 
with unnne nana’’ 'f wrapped with papaya leaves or boded 

proleolyreLme o 'he papaya tree contain a 

ness Other Purees'” oT'etrcrt*"'*' '''’'"em, improving meat tender- 

commercial meat tcndcimrt enzymes currently used m 

(from the fig tree) PioeoPP'e stems), fier" 

(from hog pancreas! ofhs. ^ enzyme secretions, and tryps*” 

processors were first ^ Federally inspected meat 

tendenzing m June 1955 and 1° enzyme preparations for meat 

over 20,000 eallons of .hi later It was reported 

® P°'™ matenals were bemg used per month 

>* W,6 ,959 

■Vmcems A„ ’’7"^ « P 33 1959 

' '^“‘"14 C„c 45, p 67, 1958 



Figure 26*2. Steak, tender- 
ized by high temperature ag- 
ing, is broiled for taste panel 
evaluation. Thermocouple, 
inserted in steak to measure 
internal temperature, facili- 
tates control of cooking tem- 
perature. (Am. Meat Inst. 

Found.) 



Tenderizers are also available in dry form for home use, often in combi- 
nation with certain seasonings. 

Much is yet to be learned about the relaUve effectiveness of the various 
enzyme preparations. Most such materials are mixtures, and meat is com- 
posed of a mixture of different proteins. Each enzyme may be effective 
only on specific proteins. Research is currently directed toward standard- 
izaUon of enzyme mixtures and learning the effects of specific enzymes on 
the various meat components. (See also Section 24.7, page 349, concern- 
ing meat tenderization by injecUng enzymes into the blood stream before 
slaughter.) 

Freezing meat increases tenderness, apparently because fibers arc 
ruptured by ice formation and connective tissue components arc stretched 
and ruptured.® Lowering temperature to about — 10° F. apparently causes 
a consistent increase in tenderness, but temperatures lower than this do not 
cause further tenderizing. 

26.3 Flavor 

What constitutes meat llavor? How can it be measured or quantitatively 
described? These i"o questions must be adequately ans^^crcd before the 
clTcct of livestock management or meat processing on meat flavor can be 
accurately apprai'«:d. It is knov.-n that there is much variation in both 

• Dorothy L- llaniKyn *t ol . KantoM Agr. Bip. Sta Revert 10. 1959. 
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intensity and type of meat flavor, even within species, but little is known 
about how the two items can be effectively controlled 

A further confounding factor is that people vary greatly in their meat 
flavor preferences, especially in regard to intensity of flavor 

Observation indicates that flavor is more intense in meat from older 
animals and in muscles that are used most, such as those in shank, 
shoulder, and rear flank The tenderloin, which is very tender, usually 
has an extremely mild flavor Marbling is often credited with contributing 
to flavor, though the semiliquid fatty deposits in hot meat may be more 
effective m carrying the flavor to the taste buds than actually contributing 
to flavor, per se 


Many assume that meat flavor is largely due to the amino acids, espe 
cially glutamic acid A salt of this acid, sodium glutamate, is a common 
ingredient in artificial meat fiavonngs and in prepared gravies, stews, and 
other prepared meat items 

Preliminary research'" suggests that most of the chemical factors con 
nbuting to beef flavor are nonvolatile, so apparently arc different, in part, 
trom those factors which contnbutc to aroma They apparently include 
cemm sugare fats, and small molecular weight proteins ” The colored 
as wT (brolh) contains many of these flavor components, 

as well as some of the aroma factors 

displayed unwrapped in open cases may 
the sSc ^ components are volatile It may be, too, that 

durmTdta^cTm^^eTharg^^^^^^^ 


26 4 Aroma 

It IS apmrennhat'the'rhe'*'^*"i^'* flavor when eating meat. 

Except m a few cases contnbuting to aroma are volatile 

the consumer the 11 ^ 0 , ‘a 

during cooking and serving As in fa’ 
both present and desired !nd lull/ ’if'T' “ 

of meat aroma ’ really known about the components 

dized, raMid aroma/s'mOTe^ 

IS promoted by air and salt rv °*®ccvcd Oxidative rancidity of fat 
develop oxidative rancidity after '/v 

>s usually restnaed to eximl^ ^ Though rancidW 

d'stinc, and undesirable *e cuts, the aroma is still 

^tno.longerthanf„„r~S'fimtL"u°i?d'" 

“ George W Kuriz 


Meat 
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A unique and undesirable odor sometimes observed in pork is often 
referred to as “sex odor” or “boar odor.” Though often associated with 
carcasses of mature boars, it is not restricted to them. It has been re- 
ported‘2 in pork from gilts, barrows, and sows, as well as boars, and in 
every breed studied. It is not known that this odor is the same in every 
case reported, and the nature of the factors which contribute to the odor 
are not thoroughly known. 

26.5 Marbling 

The apparent and presumed benefits of marbling in meat have been 
previously discussed (Sections 9.1 and 23.4). The concern of the meat 
technologist is to establish the validity of these presumed benefits, and to 
develop techniques for quantitatively measuring the amount or desirability 
of the marbling a cut of meat contains. Some are also concerned with 
increasing the amount of fat dispersed among the muscles after slaughter, 
by infusion. 

Limited research has validated that marbling contributes to the pleasure 
a consumer derives from eating meat, because of increased juiciness, and 
some real and/or imagined improvement in flavor and tenderness. At least 
the effect is noticeable enough that observing purchasers select meat with 
some attention paid to marbling. 

The method meat technologists most commonly use for appraising 
marbling in meat is scoring. This is subjective, of course, but some have 
developed a high degree of repeatability — meaning they are very likely 
to score a specific cut the same on two different occasions — so the scoring 
technique has some value. Determining ether extract of the defatted 
muscle (external fat removed) measures total fat but not the fineness of 
dispersion, considered important by some. Other methods are ( 1 ) count- 
ing flakes of marbling in random marked squares on the cut surface, (2) 
measuring specific gravity of the defatted musele, and (3) measuring, with 
a sensitive light meter, the light reflected from the cut surface of meat. 

26.6 Color 

Color is caused by pigments. Pigments are chemicals, which can be 
changed by certain environmental conditions. The meat technologist is 
concerned with identifying the pigments in meat and determining how 
feeding, prcslaughtcr treatment, storage, light, air, curing, and other factors 
influence them (sec also Figure 3-7, page 44). 

The most preferred color of beef is often described as a bright cherry 
red. The USDA standards (June 1956) for the Prime grade s.iy that the 
lean color must Itc unifomi and bright, but may range from a pale red 


H. L, Sett. Am. .sreot !«•' . I'tvc. of the Kmth Itrt. Conf., Ctiicajo, 1957. 
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to a deep blood red Veal is expected to be grayish pink in color, lamb 
pink, and fresh pork is normally light pink. 

There is considerable color variation within species and also among 
muscles within a carcass, especially in the case of pork. “Two-toned” 
hams, with dark lean near the pelvic bone and lighter lean near the out- 
side, are rather common 

Myoglobin is the major meat pigment. Its concentration in muscles, and 
the degree of conversion to its chemical derivatives, are the primary 
factors in meat color. Normal chemical changes which occur in meat are 
charted in Figure 26-3. 


@ 


Myoglobin 

(dark red} 

I 

curing 

(KNOa) 

1 


oxygenation 



Oxymyogtobin 
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® \ 
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Research Conference, 1956) Mrar , Proceedings of the BghtI 
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Reasons for variations in fresh meat color among animals within a 
species are not fully known. Concentration of myoglobin may be in- 
herited to a degree. Concentration, and degree of conversion to related 
compounds, may be related to feeding programs, treatment before slaugh- 
ter, or other factors. Some evidence'® indicates, for example, that cattle 
fed a higher proportion of com to supplement during the feeding period, 
or given a normal intake of grain right up to slaughter time, tend to have 
brighter colored beef, and that a combination of chilling and lack of feed 
increases the incidence of dark beef. Research" with hogs has given 
similar results. 


26.7 Preservation 


Most commonly used meat preservation techniques prevent spoilage by 
eliminating one or more of the environmental factors spoilage organisms 
need — water, air, warm temperature, or other factors. Canning seals out 
oxygen, freezing inhibits or kills the organisms, drying eliminates most 
of the water, and curing (Section 24.8) increases the salt concentration 
so most organisms cannot live. More recent preservation techniques in- 
clude the use of antibiotics, which retard growth and reproduction of 
certain organisms, and irradiation, which kills most organisms. 

Though the meat technologist is obviously concerned with the effective- 
ness and relative cost of these preservation techniques, there are also 
other considerations. Certain preservation methods may cause undesirable 
flavor or color, or change other quality characteristics of meat. Such 
changes may occur at the time of preservation or may develop during 
later storage (Figure 26-4). 


'®T. M. Ramsbottom et fiL, Dark Cuutng Beef, National Livestock and Meat 

Board, Chicago, 1949. . . ,o tAnn mco 

"R. N. Sayre et al , /. Animal Set. 18: 1477, 1959. 


Figure 26*4. Weiners, some 
containing sodium ascorbate 
or related compounds, arc 
held in open displa> coolers 
to determine the effect of 
these prcscrsali>cs in main- 
taining quality and appear- 
ance. (Am Meat Inst. 

Found ) 
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Section 26 6 discussed the color changes which occur when meat is 
cured Potassium nitrate in the curing formula apparently causes the color 
change, salt and sugar contribute to the typical cured meat flavor These 
changes are considered desirable by people who like ham and bacon But, 
as mentioned in Section 26 4, this high salt concentration may contribute 
to development of a rancid aroma and flavor after prolonged storage 
Freezing is probably the most satisfactory method of meat preservation 
at the present time Meat is usually ‘sharp frozen” at about — 30° F , so ice 
crystals formed m the meat will be small It is then stored at about 0°F 


Freezing and storing at these temperatures kills or inactivates nearly all 
spoilage organisms and inactivates the enzymes meat contains, yet does 
not impair flavor, color, aroma, or other quality characteristics of meat 
during recommended storage times If well wrapped, beef or lamb can 
be stored in a freezer six months or longer Four months is a practical 
limit for fresh pork, and two months for cured meat 
Dehydration of meat for preservation is effective and satisfactory, if 
neeze dehydrated If dried by vacuum or normal air drying, undesirable 
avor and texture changes occur Freeze dehydration is accomplished 
y rying t e meat in the frozen state Special techniques cause conversion 
nlr ^ Moisture can be reduced to two 

<i«hydratton such meat can be stored or shipped m 
^^‘"P^^ature without spoilage Rehydration can be 

accomplished in 15 minutes or less, before cooking 

preseL^n low levels m meat 

effective unle« th^ tetracycline group Even these are rather m 
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emitted from specif macr"'' 

certam or alt oreanismi , beams penetrate the food, killing 
sterilizing doses or radiation*?" radiation given High, 
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sulfur containing ammo acid«L apparently mvolvmg fat and 

and is more marked m hi^^f ’.i, undesirable by most people, 
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velops .hen cooled^ ^ a p.nk color often de- 

Low doses of radiat ^ preservation 
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organisms. Since antibiotics would inhibit the activity of those organisms 
not killed by low doses of radiation, a combination may be most effective 
in prolonging storage life of refrigerated meat. It is apparent that once 
meat is irradiated to kill organisms it must be packaged to prevent entry 
of additional organisms. 

Another limiting factor in the use of radiation for preservation of 
fresh meat is that radiation does not inactivate the enzymes in meat. 
Hence, if radiation were used to sterilize fresh meat for extremely long 
storage, the enzymes would continue to function and degrade the meat 
structure. Therefore, the main application of radiation may be for pro- 
longed preservation of cooked meat, in which enzymatic activity has been 
destroyed. 

At the same time, prolonpng storage time slightly by low radiation may 
allow some aging and tenderization of the meat cuts. 

26,8 Specialty Meals 

A rapid increase in proportion of meat sold in processed form has 
contributed to the growth of the science of meat technology. Space does 
not permit a thorough discussion of preservation techniques employed in 
making all kinds of sausages, wieners, and other processed meats, or the 
consideration given to standardization of nutrient value, flavor, color, and 

other factors. . 1.1 . . 

Grinding meat automatically increases preservation problems since it 
increases surface area exposed to contamination by spoilage organisms. 
Whereas antibiotics applied only to the surface of meat cuts can be effec- 
tive, if used in ground meat they must be mixed thoroughly and are 
usually effective only when used at higher levels. 

Cereal products, milk products, and other nonessential materials are 
used in certain processed meats to increase water-holding capacity, reduce 
cost of production, or improve color, flavor, texture, or fat stability. Sau- 
sages produced in plants under federal inspection may contain up to three 
and one half per cent of these ingredients, and the moisture percentage 
is also controlled. Certain phosphate compounds are added to meat curing 
mixtures to decrease moisture loss during smoking and during cooking. 
Other examples could be cited to illustrate the complexity of the prepared 
meat field and the need for study and research aimed at producing more 
nutritious, more desirable, and more uniform meat products. 

26.9 Meat Research Agencies 

Many individual meat processors do considerable research in attempt- 
ing to find ways of producing high quality and more economical products, 
as well as new products. 

As an industry the processors finanaally support the research program 
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of the Amencan Meat Institution Foundation, located on the campus of 
the University of Chicago Some of the research conducted at the founda- 
tion has been mentioned m previous sections of this chapter The founda- 
tion receives money from meat processors and others who have a stake in 
the meat business, to do research m meat processing, preservation, and 
cooking, as well as research on processing meat by products, such as 
livestock feed The foundation also does research on a contract basis or 


cooperates in research projects with other interested groups 

Agncultural experiment stations in most states do considerable research 
in meat technology This may include evaluation of meat produced in 
nutntion, management, or breeding studies, or may be in the area of 
processing and preservation Funds for such research come from the state 
or federal government or as grants from private companies 
The USDA also carnes on some meat research projects, at the main 
research station at Beltsville, Mainland, at their branch stations, or in 
co^eration with one or more state agncultural expenment stations 
Because of the importance of meat m the diets of men m the armed 
preservation, handling, and cooking 
Forces CoMa»>er Institute for the Armed 

dehvdratinn resemch has included experimentation with freeze- 

cooked ngeration, and is palatable when rehydrated and 

flying ^on2''ho'Iirr*iri' a* tubes, so a jet pilot 

from eating meat Realira?”'*"?' t "utntion and pleasure 

arniedTr^rwmk anfl '^hich many in the 

frenti„gth"ci,gmup ** 
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Wool is the most valuable by-product of meat animal pro- 
duction. It is by far the most used natural animal fiber for 
fabrics (other animal fibers include mohair, cashmere, and 
vicuna) . To the consumer, it is a reliable and increasingly versatile fiber that, 
when woven into cloth, contributes to warmth and an attractive appearance 
Wool has been used for clothing and other fabncs for over 12,000 
years. Today, essenUally every wardrobe contains woolen g^ents, plus 
garments which contain wool along with some other natural fiber and/or a 
synthetic fiber. The average American has “consumed about 2.5 poimds 

of wool each recent year (Figure 27-1). .... 

The United States wool industry today can be described m a vanety 
of ways— about 30 million sheep shorn each year, about 300 million 
pounds of “grease” wool produced annually, or about 600 mills producing 
about a billion dollars’ worth of textiles armually. 

Wool as it is cUpped from the sheep and before it has been cleaned is 
called “grease” wool. Clean wool is often called “scoured” wool. 

27.1 Characteristics of Wool 

A single wool fiber may be from 1/2,000 to 1/300 of an inch thick 
and one and one half to five or more inches long. Wool is composed 
primarily of amino acids, especially those containing sulfur (methionine 
and cystine) The manner in which the amino acids are chemically linked 
probably explains some of wool’s unique characterisUcs. 

Wool is elastic. It can be stretched 30 per cent, or crumpled tightly, 
and will rapidly recover its natural shape. This property becomes a built-in 
characteristic of fabric that has a high percentage of wool. It may be 
wrinkled twisted, and stretched, but will regain its shape if allowed to 
hang overnight (Figure 27-2). 

The billions of amino acid molecules in a wool fiber are apparently 
linked together in coiled chains which lie adjacent and which are chemi- 
cally cross-linked. As a wool fiber is stretched these coils are distorted 
and when tension is released they return to their natural position. 
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APPROXIMATE DISTRIBUTION 
OF WOOL, 1954 



n ^ U8UA. 

rlgure 27-1, Distnbutioo of wool uvrf m loo b 

similar >954 Percontagcj for ihe early I960*s are 


appearance adds to its effective 
vidnal Lcrtrom Ce 7 Cnmp prevents the ind.- 

bulkyeffrct^wrtrerndJ'’'' ■" dofh ThU produces a 

fineness of the fiber, from Rn°" 

fabncmaybeair, volume of woolen 

like shingles and which acalehlce cells which overlap 

P'JM by the me^h™ 

“lls m the center of the fiber h w r*""rate it The protein 

the membrane This oronertv « rnotsture which may penetrate 

proteins so the color becS water-soluble dje to react with the 
Cnmp, the scales of the fife"'.'*?' 
spindle-shaped cells under the reactivity of certain of the 

to adhere to each other as thev , “PP^tmutly allow the short wool fibers 

„ ttrong I, is often “ “ntinuous strand of yam- 

ecI of the same diameter. ^ sin^e wool fiber is stronger than 






The spiral twist of the two core sec- 
tions as it is related to the natural 
crimp of the wool fiber (the more 
reactive section forms the outside 
portion of the crimp bend). 

DUGRAM OF THE WOOL FIBER SHOWING! 

A ) The outer, water- 
repelling sheath 

B) The scale-cell layer 

C) The two sections of the 
core of spindle-shaped cells 
as represented by the light 
(less reactive) and dark 
(more reactive) areas. 


Schematic representation of protein 



Relaxed Stretched 

Figure 27-2. Characteristics of the wool fiber. (The Wool Bureau, Inc.) 


27,2 WoolQunlitj’ 

Quality attributes in wool include fineness, length, crimp, color, strength, 
uniformity, and, in grease wool, percentage and kind of foreign material. 
Fineness is considered the most important. 

The “spinning count'* and “blood** systems used for grading wool ac- 
cording to fineness arc given in Tabic 27-1. The spinning count system is 
Uic basis of present USDA grades, even though the blood system is well 
known and used. Tlic grade number in the spinning count system refers 
to the “hanks" (560 yards per hank) of yam that can theoretically be 
wosen from one pound of scoured wool. 
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Table 27 1. Wool Grades and Specifications 



Av fiber 


Breeds according 

U S D A Grade 

diameter 

Blood system 

to approximate 

(March 1955) 

(microns) 

grade 

wool grades* 

80 

17 7 19 1 


Merino 

70 

19 2 20 5 

Pine 


64 

20 6 22 0 

1 

Rambouillet 

62 

22 1 23 4 1 

j 1/2 blood 


60 

23 5 24 9 ' 

Targhee 

Southdewn 


58 

56 

25 0 26 4 

j 3/8 blood 

Montadale 

Shropshire 

26 S 27 8 

Corriedale 


50 

29 4 30 9 1 1/4 blocd 

48 

31 0 32 6 I 

46 

32 7-34 3 - Low 1/4 blood 

44 

34 4 36 1 Common 

40 

36 2 38 0 1 


1 Braid 

36 

38 1-40 2 1 


there is much rangj^wlthln breeds IlaeneBs It Is well known that 

Breed listing was adapted from cannot be precisely determined 

“Ion, H M Briggs. A/odmi Breeds Circular 218 aad.wlXhpeTmlB- 

pany New York, 1958 * " second edition, The Macmillan Com- 

fractio^ of^Mcnno'tacd''**'”' wool was an indicator of the 

The Menno breed piodiia?fi'„“ “'Tf 

inhented Since the devei ’ ^ ^ quality wool, and fineness is highly 
blood systen^^ha3 stntri!^ ‘’T' breeds, the ongtnal 

tighter « caving of cloth andn^oH* ^P‘"”>ng °t u Bout 

Fine wool often has mor«» 'Action of lighter fabnes and garments 
Cnmp helps individual fibep 5 ^”i”^’ uuother attnbute of wool quality 
jam can be uosen with fewerViI? ’“B'*’’"' dunng spinning, so a strong 
tnbutes to lighter wcicht v,™ Parallel Cnmp, then, also con 

often has 15 or more* cnmlT"’" PBiaent wool use Fine wool 

the back usually has more wool has less Wool from 

bungth of fiber is a quaMv “'■8*' 

quality factor Though fine lleeccs usually hai-c 
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USDA 

grade 

Length, inches 

12 3 4 

80 

70 

64 

62 

60 

58 

56 

54 

50 

48 

46 

44 

40 

36 

1 1 

1 1 

1 French 

' combir 

Clothing 1_ 

, wot 

woo! 

J « 

1 1 

1 * 

1 1 

1 1 

1 1 

— 1 ' Combing 

— woo! 

1 

1 1 

1 

1 1 

1 1 

1 1 1 1 

' Carpet wool ' i 

111' 


Figure 27-3. Length designations often used for wool, according to fineness. (AMS, 
USDA) 


relatively short fibers, the longer the better. The reason for this is ap- 
parent too, in spinning a strand of strong yam. 

Though wool iength is easily measured in inches, a variety of special 
terms are commonly used in the wool industry to describe relative length, 
according to the way it can be processed. These are summarized in 
Figure 27-3. 

“Combing” wool is long enough that regular combing machines can 
sort and straighten the fibers to make “worsted” yam, which is smooth 
and used for light, high quality cloth. This wool is also called “staple 
length.” “French combing” wool is handled essentially the same as regular 
combing wool, except that special combing machines have to be used 
because the fibers are a bit short. “Clothing” wool is not long enough to 
be handled even by special combing machines. This wool, therefore, can 
only be carded and is destined for use in tweeds and other fuzzy fabrics. 
Extremely short wool, from young lambs or extremely old ewes, is often 
called “scouring” wool. Since it cannot be clicctively combed, it may be 
used for felt or similar materials. 

It is apparent from Figure 27-3 that fine wool can be shorter and still 
be prrjcessed in regular combing machines. 

Amount of foreign material and yolk in the wool is considered in ap- 
praisal of grease wool. It is not uncommon for a 10 pound, fine wool fleece 
to yield but 4.5 pounds of scoured wool, meaning it contained 5.5 pounds 
of yolk and foreign matcri.il. In other words the shrinkage on scouring was 
55 per cent. 
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Fine wool fleeces normally carry more foreign matenal than medium or 
coarse fleeces Many fine wool ^eep are raised in and sections of the 
country where considerable dust blows and, since fine wool contains more 
yolk, the dirt sticks better Medium wool from the Midwest normally 
shnnks 45 to 53 per cent 

Traditionally, v-ool quality has been appraised for sale purposes by 
experienced buyers and sellers, who rather accurately estimate fineness, 
length, shrinkage, and other quality characteristics In recent years the 
practice of “coring’ bags of wool and subjecting core samples to objective 
measurements for appraisal purposes has increased A micrometer is used 
to measure fiber diameter and a special machme actually scours the sample 
to determme per cent shrinkage 


27.3 Wool Processing 

At the mill each fleece is pulled apart and sections of the fleece are 
sorted according to fineness, length, and other characteristics Fleeces are 
purchased by processors according to these factors, of course, but there 
IS usually some vanauon within a fleece 

soapy water, nnsed, and 
mailer l'’ scouimg, and removes grease and most other foreign 

tase tor^fr ” Punfie'i. “d sold as a 

Base tor face creams and similar Items 

de«'Mvered**w!d,'fi°°' carding machmes where revolving cyhn- 

and Straichien aid ^ k ‘I' '^moye burrs, straw, and similar matter. 
From t foo ™ '"•» “ «>■" veil or wei 

and 'vhether^woolTn”'’orw“mte*'Ta'‘’ 

generally madf of ojsted yam is to be made Woolen yam is 

ha m all directions to nrod° (clothing wool), that may 

Worsted fabrics such as'^»ah*'^H fnazicr fabrics, such as tweeds 

fibers (combing’ wool) so ihr' rT’ longer, finer 

smoother finish SUghfly over hah ofih'" ** 

used m worsted fabnes spparel wool m this country is 

simply splitlnto tLn' srit''stranT'’ 'u'd*'*’ machme is 

aver, the fine web must i' 1"" 1?”'“ '"""S For worsted yam, how- 
anmg o( fibers untU a vL m combing, and straight 

obtained ^ smooth strand of worsted roving can be 

•he roving® Th^ machme, >>y mechanically twisung 
•■are on, jam may be uliltzcd m spools From 

knmedorwo\cnimofabnc vanety of ways Most, of course, is 

saounng 'n the yaii'tage, m as’fii^hS tTb 
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27.4 World Production o£ Wool 

Because 65 to 75 per cent of the wool processed in the United States 
is imported, a consideration of world production^ is important (Figure 
27-4). Clean wool production in recent years has been about three billion 
pounds (from almost six billion pounds of grease wool), which averages 
about one pound per person. Production in the major countries is given 
in the Appendix. Australia, New Zealand, The Union of South Africa, 
Argentina, and Uruguay are major producing and exporting countries. 

lAMS, USDA, The Wool Situation, August 1961 and October 1961. 


Figure 27-4. The United States and world production of wool on the left. Domestic 
production compared with imports on the right. 






392 


WOOL AND MOHAIR 


About 80 per cent of the world production is apparel wool — used for 
clothing and similar fabric, and designated in Figure 27-3 as combing, 
French combing, or clothing wool The remainder is carpet wool, used for 
rugs, carpet padding and similar matcnals The five major exportmg 
countries in the southern hemisphere, mentioned above, produce about 
70 per cent of the apparel wool Another 20 per cent is produced in the 
Umted States, Great Britain, Canada, France, and Germany Major 
sources of carpet wool are the U S S R , India, China, and the countnes 
surrounding the eastern Mediterranean 

Because labor and other production costs are so much lower in most 
southern hemisphere countnes, wool can be produced cheaply enough 
that exporters m those countnes can pay the United States import duues 
and stiU compete in pnee with wool produced in the United States The 
import duties finance incentive payments made to US wool producers 
(Section 27 5) 


27.5 Domestic Production and Marketing of Wool 

“i''' 'horn wool represents about 

matmuaM oe r P™**, 'h' ^“PP'y certamly seaLal The re- 
and lambs ^ P°*** slaughtered sheep 

ha^dled®’’so‘’ “ penshable product d well 
the year AUo^orl? ^ ^ “"'fotm rate dunng 

more m the tall months'^\”'" importing relatively 

hemispherr ’ '>=■”8 ^ the southera 

0V« e,gta"™uni“,“ United States weighs a bit 

Wyoming, where wool Montana, Idaho, and 

heavy fleeces of eood nuai ° major cntcipnse and sclertion for 

=ffeaive,averaglCl“,tSLr' 

6 lists grease wool produchon hv'".””*'* pounds Appendix Table 
recent years ^ states and average fleece weights for 

lamb m a tew mimlteT ("^1^^27 5^'^'* clippers, can shear a ewe or 

twme, with the msidc of iL nf ' “ usually tied with paper 

in large bags better appearance, and packed 

ducer owned coopcrahves States is sold through pro- 

have operated effectivelv for n,J!. ” Such cooperaUves 

where wool production has inn^ Texas and other western states 

operatives have developed m ® ® enterprise Similar co- 

handle much of the production producing states Some 

wr several states 



Figure 27-5. Expert sheep 
shearers are rare, and are in 
great demand during the 
spring months. (Iowa State 
University) 



The advantages of a wool marketing cooperative ate apparent, espe- 
cially in areas where wool production may be a sideline enterprise on many 
farms. Few producers are able to keep abreast of market pnees, espe- 
ciaUy since they sell wool but once a year. Most are not a good judge of 
grade or shrinkage, so are not capable of dealing 

Also, few have storage faculties and know-how, so if dependent on direct 
selling would need to seU at shearing time when supply is high and prices 

“'poLtion of a marketing cooperative allows employment of a wool 
specialist who can appraise wool and keep abreast o s pp y p 
trends. It allows provision of central storage facilities and sorting of wool 
into quality groups before it is offered for sale. It also creates a concen- 
trated supply, attracting buyers and creating pro ucer argainmg power. 

Producers usually consign their wool to the cooperative which makes 
partial payment and records the amount of each grade delivered. The 
wool is thL stored; each grade is marketed at the time pnees appear best. 
Each producer is then paid the balance due him. minus the costs of opera- 
tion. Some cooperatives also buy wool on a cash basis from producers, 

hoping, of course, to make a profit r ♦ . j i 

Some wool is still marketed through a regular system of pnvate dealers 
and brokers, who sell to larger brokers or directly to P/oc«sors 

Boston is the center of wool marketing activity in the United States. 
Domestic and imported wool is sold at auction or by pnv.-ile treaty Bo^n 
prices are often the basis of trading in most sections of the counto - The 
Boston market probably desclopcd because of the early settling of IScw 
England, development of the wool processing industry there, and ship- 
ment of wool into the Boston harbor. In recent years however, lower 
labor costs in the southern states and dewlopmcnl of many southern 
ports has caused considerable shifting of mills to the South. 
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The National Wool Act of 1954 («.hich has been amended several 
times since) established an incentive payment plan to encourage wool 
production in the United States An average “incentive level” pnee for 
grease wool is established each year by the Secretary of Agriculture Wool 
is sold by each producer through regular channels, and the average sale 
pnee for the year is then calculated 

The percentage that the “incentive level” pnee exceeds the national 
average sale price is then used to calculate the pa>mcnt to be paid each 
producer In the 1960 marketing year (beginning Apnl 1) the incentive 
level price was set at 62 cents per pound and the average pnee rccciv'cd 
by farmers was 42 cents per pound * Since 62 cents exceeds 42 cents by 
47 6 per cent, every producer who filed a claim was given an incentive 
payment of 47 6 per cent of his sale pnee on wool he sold during the year 
Therefore, a producer who sold high quality, clean wool for a high pnee 
received a higher incentive payment than one who sold low quality, heavy 
s nnking wool for a low pnee This program is one of the few govern- 
mental payment programs which provides a high mcentne for producing 
by^^s*slau^t Similar payments arc made for woo! earned 


27.6 Merchandising Wool and Woolens 

syndietm^fihe^^nrnA^*^^ pounds of man-made, 

logical develonm I" United States as clean wool Rapid techno- 
^ I940 ’s m the production of syn- 

mternipted bv **^*^=^"'* for wool The drop was 

fibers was then felt aft^ the waT '* syniheUc 

wool bers, such as cotton and silk, and imported 

was a scarcity K["w(MrdumJ w' baaause there 

an effective advertismp loh ^ garment manufacturers did 

wool garments were enurelvsatiSl'"'^'"® American public that non 

In recent years, however, IhLc S , 

com6/«onon with other fibers a considerable us of wool in 

this type of fabnc percentage of wool is now used m 

there is a natural tendency standing and good reputation, 
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LabeUmg Act of 1940 h “ evef ‘ ” Th^ Wool Products 

, requires that all products containing wool, 


^AMS VSDA.Th,Wo<,IS„uoUo„ 


August 1961 
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except upholstery and floor coverings, bear a label showing the percentage 
of the total fiber weight that is wool, and the percentage of each other 
fiber present. “Virgin” or “new” wool is used on labels to describe only 
wool that has never been formerly used and has not been reworked in 
any way. 

Merits of wool as a fiber, alone in fabrics or in combination with 
other fibers, have caused garment manufacturers to promote wool and 
wool produets aggressively. The Wool Bureau, Inc., of New York and 
Los Angeles, is an industry effort in wool and wool product promotion. 
It sponsors national advertising, helps individual companies with adver- 
tising of woolens, and provides considerable educational material on wool. 

Producers, too, have contributed to the promotional efforts. Referen- 
dums of wool producers have voted to permit deductions from wool 
incentive payments, mentioned earlier, for the promotion of Iamb and 
wool. Deductions may be as high as one cent per pound for shorn wmI 
marketed and five cents per pound of Iamb (unshorn) marketed for 
slaughter. The money is turned over to the American Sheep Producers 
Council, Inc., for administration of the promotional efforts. 

The Women’s Auxiliary of the National Wool Growers Association, and 
the Wool Bureau, Inc., have sponsored annual “Make It Yourself With 
Wool” contests nationally and in many states, further promoting wool use. 


27.7 Mohair 

Mohair is the fleece of the Angora goat. It is pure white, grows in ring- 
lets, and the fibers after a year’s growth may be as long as ten inches 
(though most angora goats in the southern United States and other warm 
climates are dipped twice yearly). The fibers are smooth, so lack the felt- 
ing property of wool. In diameter, the fibers are intermediate between 

fine and coarse wool. . , c .u » ,. • 

Most of the mohair is produced in Turkey, South Africa, and the south- 
western United States— especialiy Texas. (See Appendix Tables 8 and 9.) 

Mohair excels in luster, durability, and affinity for fast dyes, so it is 
used in goods of fine quaiity that arc subjected to hard usage. Mohair as 
it comes from the animal usually contains 10 to 30 per cent short under- 
coat fibers which are chalky and dull. For finer mohair fabrics these fibers 
must first be removed by combing. 

Much of the previous discussion on wool m this chapter also pertains 
to mohair— marketing, processing, incentive payments, etc. Of course, 
minor dificrcnces exist which cannot be discussed here. 
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Dairy farming is a business, profit is the motive A dairyman 
ordinarily expects a monetary return for labor, capital, home- 
raised feed, management ability, and the nsk he assumes 
decision to enter, or stay in, the business of dairy farming should be 
bas^ on long term expectations of return for these resources 
^is chapter is devoted to some of the factors which mfluencc the 
profitability o dairying It includes discussions of location, size, invest- 
ment needed, labor, feed, type of product desired, and other factors 
of'l™'!*” worthwhile to list some of the advaniascs and disadvantages 

whfXestoelV'';"'”'' 

IS devoteX a '’Pf'?"®" "’■ehl be practical Part C of Chapter 1 

panson of sneeie.^' bailed discussion of livestock adaptation and com- 

dauyinc AfLconsd'*"* '“P®” ^“t items discussed are relevant to 
oauying A few considerations specific to dairying follow 

3 tabor is necessary 

biweekly ot monthly income Milk sold is usually paid 

grows mosfl’yln'ougha^^Smlk™''^'’ 

if It IS good Quaiii?’-r^^ milking cows can utilize large quanti- 
^ pasture and forage areas ^ ”” *°®*'^* dairying especially adapted to 

or laiibs’ 0??rXrcOTn '’oair"'*!!''’ •« f'd hogs. !'«"• 

means that it must be moved f« agricultural products This 

™>'ienl!, and is often dScribrf contains needed 

This lends stability to "Jture's most nearly perfect food 

T The dairy busmeis is me ?b ^ P™®®'* 

from an economic standnomt livestock enterpnses, 

down m regular long tenS^, Production does not go up and 
^so since da.ry pridu™ “ '™' '°r beet. Iamb, and pork 
which may be in surplm animal products 

(Figure 28 1) P'‘«s received for milk arc more stable 
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steadier than the price of beef cattle or hogs. 

Figure 28-1. The price of milk has be planning to some farmers. (National 

This may mean less risk and more conn 
Milk Producers Federation) 


J in Brains and forages are converted more effi- 

8. Energy and protein m b produced than when meat is the 

- ciently to human tooa 
product. 

, incTcasincIy specialized. On most farms where 

Dairying has beco ^ major enterprise and contributes 

dairy cows ay® '=P j income. Dairying as a side-line enterprise is 

a major portion of th=. 

reasons for these changes arc 

practiced on fewer lamia. 

in utc 1 J production per cow rose about 55 per 

cc™? rauLg a net increase in total milk production (Figure 28-2). These 
ficurcs rcncct specialization. More clTicrcnt dairymen, who do a better 
job of selecting and managing dairy cattle, arc producing a higher propor- 
tion of the milk. Less clTicicnt dairymen are producing less of the milk; 
some arc leasing the business. 


3»7 




MILK PRODUCTION UPj 
DECLINE IN COW NUMBERS SLOWS 



USDA, AMS 


■?' “.r *’""5 ‘'f '“f "”"‘">8 hcrJs arc much 
cow IS cenetic and how ^ hept How much of this increased production per 

senetic and how much Is caused by improved feeding and manatement? 


28 1 Location 

transportation costs are high*^ t>ecause it contains so much water, 

century, as procesMnrtechn"* half of the twentieth 

perishable and as transoorti?”^* products less 

condensing, drying freerm rapidly improved Developments m 

^ay, m tune, make proximftV m 

farm location consumer of minor concern tn dairy 

marketing mer^pTOiraHTta “nceming milk markets and 

necessarily mean a orofitaW,. population of consumers docs itot 

n more thomugh discuss, on of mniSfs““'' tor mtlk Sec Chapter 31 for 

Ample feed supply is cssenii-ii t 

energy, and can effectively uv i Dairy cows need a lot of 

/ use targe quantities of roughage, which is 
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usually an economical energy leed. Roughages must be grown fairly close 
to the dairy (Figure 28-3); they are bulky and expensive to transport. 
Considerable grain is also needed for high producing herds. As closeness 
to a market becomes less important in location of dairy farms, more atten- 
tion can be paid to feed supply. 

On a majority of dairy farms the farm family supplies most of the lalror, 
perhaps supplemented with hired labor which also helps with other farming 
operations. Large, specialized units of several hundred cows or more, 
however, are primarily dependent on hired labor. Cos! oj labor vanes 
considerably, according to wage rates and types of industries in the com- 
munity, even though labor is somewhat mobile. 

Climate probably has more of an influence on feed supply than on the 
productivity of dairy cows, as long as the herd is well managed. All 
popular breeds of dairy cattle have performed well in Alaska, if adequate 
shelter is provided. In the South, ample shade and water on pasture ap- 
parently make dairying a practical enterprise. There are some influences of 
temperature and humidity which a dairy farmer must take into account in 
management. These are discussed briefly in Chapters 12 and 3U. 


28.2 Size 

There has been a marked trend toward larger, more specialized daiiy 
farming units, especiaUy since World War II. Dairying requires expensive 
equipment to meet sanitation requirements and hold down labor nee s, 
and also considerable knowledge and skill. Therefore a dai^ farm enter- 
prise must be large enough to utilize the equipment and skill, and ho d 
down per unit cost of production. 


Figure 28-3. Irrigation is necessary to provide ample forage 
Jersey herd in Texas. CThe American Jersey Cattle Clubl 


for this high producing 
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Figure 10 1 illustrated that lann wage rates ha\c increased faster than 
poAcr and machinery costs Because of this and because labor is a major 
portion of the costs in dairying, there has been great incentive to improve 
labor efficiency as much as possible In some eases, mechanization has 
been necessary in order for dairy farming to be attractive to farm bo>-s and 
hired labor, relative to feeding operations which utilize self-feeders and 
automatic or semiautomatic feeding equipment ‘ Herringbone’* milking 
parlors, equipped with milkers which route the milk through pipes to 
stainless steel bulk tanks, arc an example Such facilities arc expensive but 
make the operation more efncicnt, if it is large enough 
Certain equipment needs have been imposed by sanitation ordinances 
and market policies In the current decade, for example, many dairymen 
have been forced to either quit selling milk or to install bulk handling 
equipment because their market will handle only bulk milk This is 
further incentive for large size in dairy enterprises 
Few people would consider entering dairying today unless they could 
plan on a herd ot 50 or more cows, and some feel a minimum of under 
200 cows is not realistic Recognize that expansion beyond 50 cows often 
•’lied labor This, then, may dictate using two 
“"’y d >>oU> ■ sliifls" arc kept busy So expansion 
Sion I!!’’' '“’"“""“lly possible only if great expan- 

course nn Jni of COWS occdcd fot an cfBcicnt operation depends, of 

couree, on volume of milk produced per cow 

on many factors A young man entenng dairy- 


years He must be sensitive to changes m 


SS Which tnnuence em^ncy 

may be true in'cenmn annual or a seasonal decision, as 

a dairyman ,s cither ‘m’ Because of expensive equipmenk 

acaimpanied bv nv ii,- The decision to milk cows must be 

a decision to milk enouph ^=*'ry>ng for a span of years and (2) 

milk enough cows and produce enough milk to be emaeni 

283 Investment 

cfflcient dairy entemnL"r?n'f ‘ovestment is needed for an 

feed, equipment, and operatm!. ..r!!"”'*"’ end buildings, cows, 

Relativelv rv^rvYs ^ expenses (Figure 28 41 
tod over ma?y™ 3"““”““ ="d boilings can be amor- 

these capital needs at rclativel^ tnortgages can usually supply much of 
doesn’t need to repay this ItmH ““"oble mterest rates The dairyooe” 

loans are not uncommon *= ®tst year, 30 or 40 year 




Figure 28-4. Much investment is required for “s ‘^c^HoIstei'n- 

Dairying must therefore be a long-term enterprise on most farms (ine hois e 

FnesianAssn of America) 


Dairyine on rented land presents many problems. Most landlords are 
not Xirprovte building and permanent aqniP-"' -e^'^ f 

buiU posable mUkingTarlors that are aaUsfacto^ 

“loose housing” is avahable. Certain portable milking parlors may not 

meet sanitation requirements of some markets, mielno 

r> . • Mnnev is needed for buying or raising 

Cows are a major investment. Money i ^ ^ rsnrtini finonrinp nf 

replacement heifers. Credit can -ally be obta-d - 

-and at a higher interest rate because 

Mo^r ecTu mis^d n L IZ in typical dairy opemtions but still 
osi lecQ is raisea on me involved in raising and harvest- 

rnr*:td“a"fnm r yrundl t feed is fed to the herd and the milk is 

rid. Th"::h pu^se^d 

able dairying certainly do not apply to every pe milkinc narlor 

50.eow unit it would be dimcult to provide a 

milkers ctmler lank, and acecssoot equipment for ess than S8.000 In 
most ctlscslc cos? vUuld be higher. This d«s no. tnclude houstng. feed 

^sndlinc cQulomcnt and other such necessary items ^ 

Money Tor general operating costs- vetennary- espen^es equipment 
repairs, power, and other such items— can be stgn.ncani m a large opera- 
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tion At least they seem significant when combined with the living expenses 
of the farm family (see Section 1 1 ) 

A business must provide a return on investment, as well as return for 
labor, management ability, and risk, in order to be fully satisfactory. The 
income from datry’ing is relatively unique, in that it is continuous. Milk is 
picked up daily or on alternate days and payment is usually made biweekly 
or monthly. Also, the income from dairying begins fairly soon after the 
business begins This Is good in that such income can be used for general 
operating costs and family living expenses. 

The term “quick income" associated with dairying may erroneously 
imply that the investment in the operation can be of short duration— that 
the quick income ’ will retire the debts and mortgages in a short time. 

uch is not the ease. In fact, imestment in animals and equipment may 
need to be fora /on?er time than Is true for cattle, lamb, or hog feeding. 

28.4 Labor 


represents a higher proportion of production costs in dairy'- 
labor fo"lopTm=icnc" ™PO«i>n< '0 "“"“S' ‘h' 

a worker must be alert 
and care exercised Udder infections must be detected, if they exist, 

sure a high quality product. ^ 

may be aradtaXfo7dMdvMu””T'"' 

of the tarmine ODcraiinn n ■ '•apcndjng on the other components 

labor, because later needs orerambuour 



rjRure 28-5. Milking parlors 
contribute to efTicicnt use of 
labor in dairying. (Babson 
Bros. Co) 
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Though cows are milked twice every day, good labor management can 
make dairying a less confining business. A number of research studies have 
shown that milk production, on the average, is not significantly reduced by 
milking at 10 and 14 hour intervals. A dairyman may milk, for example, 
at 7 a.m. and 5 p.m. instead of 6 a.m. and 6 p.m. Further shifting of the 
interval may not be satisfactory, however, especially with high producing 
cows. 

In a large dairy operation labor can be rotated, in a variety o ways, to 
make the job as attractive as most others. Some large dairies that mi 
several hundred cows employ two “shifts” of labor. One s 1 1 tnay wor 
from 3 a.m. to 11 a.m., the second from 3 p.m. to 11 p.m. Some even 
operate three shifts and miik “around the clock.” This illustrates another 


advantage of large size. , , 

It is apparent that expensive equipment and automation cannot reduc 
labor needs in dairying as much as in feeding operations with lambs, hogs, 
or beef cattle. But there is opportunity for a good manager to use hbor 
more efficiently in dairying than has been traditionally done, an 
dairying more attractive to labor. 


28.5 Feed 

Chapter 7 is devoted to ruminant nutrition, and presents mo^ of the 
principles involved in feeding growing heifers an ' 

Tables 7-1 and 7-2 give examples of the nutritive requirements of dairy 
cattle according to stfgc of production. Sections 7.6 and 7.7 present some 
considerations peculiar to feeding dairy cattle, and Section 7.7 S>™s c 
example of a cLplctc ration for dairy cows. Because calves are function- 
ally non-ruminants until tour to six weeks of age, they are discussed in 

Chapter 6, Nutrition of Non-ruminants. ■„ 

Supply of feed was mentioned in Section 28.1 as a factor in dairy farm 
location, and in Section 28.3 it was stated that in most dairy operations 
feed represents 50 to 00 per cent of production costs. 

Roughage— pasture, hay, slliigc, and soilage— is the backbone of most 
feeding systems for cows. Oiiod quality roughage is invari.ably “cheaper 
energy source than grain and also supplies most of the protein. Rough ge 
"nor be high quality for enicient and maximum production. There is a 
limit to the capacity of a cow's digestive system. If roughage is low in 
quality and therefore poorly digested, a cow cannot eat enough to supply 
the energy she needs for maximum production. Also, low quality roughage 
is usually less palatable, so a cow may even rat Irss than she could. 

Ounlily of h llic key to formulation of concentrate 

mixtures (Section 7.6). l ow tpialiiy roughage must tie supplemented ssith 
more eonecnirates, liiglier In protein and minerals. Top quality roughages 
sometimes need W siippleinented only ssith home-gross it gram. 
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Because roughage is so important in feeding dairy herds, managing and 
harvesting the roughage supply deserves consideration Strip grazing — 
where cows are restricted to a stop of pasture sufficient for one or a few 
days — makes much better use of pasture Confining the cows to dry lot 
and feeding the pasture forage freshly chopped allows even more efficient 
use of the forage, but cost of chopping and hauling must be considered to 
determine if the practice is feasible 

It may be more practical to harvest the entire crop of forage as silage 
and/or hay, cutting at the best stage of growth, then feeding it daily to the 
cows in dry lot This would take advantage of the increased efficiency in 
forage production and utilization, compared to pasturing, while also 
eliminating the need for daily chopping of fresh forage 


28 6 Type of Product 


Fluid milk IS the common product of most commercial dairy farms In 
1960, 84 per cent of the milk produced on farms was sold as whole milk, 
even though a substantial amount of this was converted to other products 
after reaching the plant Thirty years earlier only 35 per cent was sold as 
whole milk, most of the remainder was separated, the cream sold, and 
the skim milk fed on the farm * 

the kind of product consumers desire 
consumption trends, understand the basis for fluid milk 
L ^ prepared to change his product, when possible, 

to meet consumer desires «> i » r 


systems have been on a hundred 
bmSfat 111 'h' pcTOnlagc of butterfat At ono time, when 

nnee dilTere t Valuable eomponent of whole milk, the 

years the dinl'r ’’.'‘Tl. of butterfat was large In recent 

Lblc asformrH Butterfat is valuable, but not as val 

SeveraW^ “"Ponents 

declined over 5n obvious Per capita butter consumption 

™rked swr,„'L^:,.“"‘ ■" •“ 1961 niere was a 

capita consumotion nf plant fats or lower-cost animal fats Per 

over 50 per cent Mor ^ (made largely from skim milk) increased 
well as for direct hom^ ** being used m processed foods as 

Emphasis on low caloL*^* People are drinking more skim milk 

health has no doubt enrn, J^^cm diets to prevent obesity and improve 
increase in consumnitrtn raged this decrease in butterfat consumption and 

BecauseTlhTsCl ,n 

and less demand for bun rf demand to the nonfat portion of milk 

blue, be based on the ““’'“"'sms for whole milk may, 


‘ERS USDA D,lr,SU.M 


- — sKsisasua tui Wliuie imiFv ■ 

percentage of "solids-not fat” (which includes pro- 


Ion April 196! 
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Table 28-1. Approximate Percentage Composition of Milk Produced by Dairy Breeds, 
and by Areas 


Breed 

Water 

Fat 

Solids^ 

(non-fat) 

Protein 

Lactose 

(carbo.) 

Ash 

(minerals) 

Ayrshire 

86.9 

4.1 

8.98 

3.6 

4.7 

5.0 

4.9 

0.68 

Brown Swiss 

86.6 

4.0 

9.33 



Guernsey 

85.1 

4.9 

9.64 

3.4 

0.68 

Holstein 

87.5 

3.5 


4.9 

0.70 

Jersey 

Market Milk? 

85.3 

5.2 

9.50 



Pacific Northwest 4.0 

Northern Plains 3.55 

East North Central 3*7 

New England 3.9 

Gulf Area 4.0 


joilcn abbreviated as SNF: total ot order markets m these areas during 

'Approximate averages for milk received at tedera oroe 
I960. Supp. tor 1960 to Sto Bull. 248. Dairy Division, AMb. oboA. 


tein. carbohydrates, and minerals) as weU as fat. Certain markets are 
using sucra S«m now (see Section 31.6) Of interest m h.s discuss.on 
is the average composition of milk produced by cows o "jujo ^ ’ 

und the average percentage of fat in milk produced m certain sections of 

‘'orer^am^e'Ldcs'of milk are important to the consumer Havor of 
mUk can be altered by feed and management practices (see Chapter 30). 
Color ot milk may vaVy among animals, and certain y does among breeds. 
Guernsey milk for exLple. has a richer yellow color, preferred by some 
people and higky promoted by those who produ^ and sell Guernsey milk. 
The reason for this difference in color .s also explained m Chapter 30. 

28.7 Replacement Heifers 

T • . ■ 1, ctre on the average farm, enough young heifers need 
to be ^Sie e^ach year to replace about 20 per cent of the milking herd. 

In DH A fDairl^Herd Improvement Association) herds, where con- 
side"ra™ ulliig^done. the annual replacement rate is about 25 per cenn 
On some farms, where stock is selected with grea er care and selected 
heifers have a longer productive lifetime, the need for replacements may 
be somewhat lower 

Since heifers oten do not 

dough “ do s^me visual culling, the above figures indicate that he may 
need to feed and maintain contmually almost mo tinrds as many joung 
hcitcrs-dif all apes— as he has mature cows in the herd. This represents 
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Because roughngc »s so important in feeding dairy herds, managing and 
harvesting the roughage supply deserves consideration Strip grazing 
where cows are restneted to a stnp of pasture sufficient for one or a few 
days — makes much better use of pasture Confining the cows to dry lot 
and feeding the pasture forage freshly chopped allows even more efficient 
use of the forage, but cost of chopping and hauling must be considered to 
determine if the practice is feasible 

It may be more practical to harvest the entire crop of forage as silage 
and/or hay, cutting at the best stage of growth, then feeding it daily to the 
cows in dry lot This would take advantage of the increased efficiency m 
forage production and utilization, compared to pastunng, while also 
eliminating the need for daily chopping of fresh forage 


28 6 Type of Product 


Fluid milk is the common product of most commercial dairy farms In 
1960, 84 per cent of the milk produced on farms was sold as whole milk, 
even though a substantial amount of this was comerted to other products 
after reaching the plant Thirty years earlier only 35 per cent was sold as 
whole milk, most of the remainder was separated, the cream sold, and 
the skim milk fed on the farm » 

A dairy farmer must be alert to the kind of product consumers desire 
He should watch consumption trends understand the basis for fluid milk 
pnemg mechanisms, and be prepared to change his product, when possible, 
to meet consumer desires 


Historically, most whole milk pricing systems have been on a hundred- 
wei^t basis according to the percentage of butterfat At one time, when 
u e at was by far the most valuable component of whole milk, the 
pnee differential based on the percentage of butterfat was large In recent 
Lk? differential has decreased Butterfat is valuable, but not as val 
uable as formerly, relative to other milk components 

declined^ obvious Per capita butter consumption 

t ked rf t >961 There was a 

c P’ant fats or lower cost animal fats Per 

over 50 per cent* M (made largely from skim milk) increased 

well as for dirert h dry nulk is being used in processed foods as 

and less demand tor inland to the nonfat portion of milk 

time, be based on thf. pncing mechanisms for whole milk may, 

L_ *= percentage of solids not fat ’ (wtnch includes pro- 

' °'"'y Simanoa Apnl 1961 
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mi. 28.1. Approximate Percentage Composition of Milk Produced by Dairy Breeds, 
and by Areas 


Breed 


Water 


Solids* 

Fat (non-fat) 


Lactose Ash 
Protein (carbo.) (minerals) 


Ayrshire 

Brown Swiss 

Guernsey 

Holstein 

Jersey 

Market Milk^ 

86.9 

86.6 

85.1 

87.5 

85.3 

4.1 

4.0 

4,9 

3.5 

5.2 

8.98 

9.33 

9.64 

8.88 

9.50 

3.6 

3.6 

4.0 

3.4 

3.9 

4.7 
5.0 
4.9 

4.8 

4.9 

Pacific Northwest 
Northern Plains 

East North Central 
New England 

Gulf Area 


4.0 

3.55 

3,7 

3.9 

4.0 





0.68 

0.73 

0.74 

0.68 

0.70 


‘Often abbreviated as SNF: total of protein. I^tose. in these 

Approximate averages for milk Division. AMS, USDA. 

1»60. Supp, [or 1960 to Sto. Bull. 248. Dairy Divisio 


areas during 


well as fat. Certain markets are 
‘sin, carbohydrates, and minerals) as interest in this discussion 

“sing such a system now (see by cows of major dairy breeds, 

is the average composition of milk pt°““ „,ndiiced in certain sections of 
and the average percentage of fat m mil P 

‘he country (Table 28-1). .„,v,rtnnt to the consumer. Flavor of 

Other characteristics of milk are i practices (see Chapter 30). 

milk can be altered by feed and manag certainly does among breeds. 
Color of milk may vary among „eijQW color, preferred by some 

Guernsey milk, for example, has a nc > Guernsey milk, 

^ople and highly promoted by ^ „p,ained in Chapter 30. 

The reason for this difference m color is 

28.7 Replacement Heifers 

... avcraae farm, enough young he.fcrs need 

To maintain herd size, on tnc a per cent of the milking herd. 

‘0 be available each year to replace Association) herds, where con- 

siderablc culling is done, the ann grater care and selected 

On some farms, where stock is “ replacements may 

heifers have a longer productive * 

>x somewhat lower. milking herd until 26 to 30 months 

Since heifers often do not c heifers until they arc old 

ngc, and a dairyman mny '' above figures indicate that he may 

enough to do some ^ ‘ almost ruo thirds as many young 

need to feed and . niature cows in the herd. Tliis represents 

heifers— of all ages — as he has niaiu»w 



•if i 




Figure 28-6. Cost of raising 
replacement heifers is sig- 
nificant because of both feed 
and labor. These Jersey 
calves on a large dairy farm 
in Texas are bottle-fed the 
first few weeks. (The Ameri- 
can Jersey Cattle Club) 


a tremendous expense, and a lot of feed is used on a dairy farm for 
animals other than those in milk. The recommended practice of calving 
heifers at 24 months would reduce needed replacement numbers, permit 
““u '“'ling, and/or facilitate herd expansion (Figure 28-6). 

IE the dairyman is trying to increase the size of his herd, he must raise 
more heifers or else buy some. How many heifers can he raise in a herd 
under normal conditions? New England studies indicate only about 35 
snm.V’" ^ Sn™ nows <lo not calve; 

tlT ,. ‘■'■’'“‘'“'“on interval longer than 12 months. Some calves 

bv 'raislni. ^ obvious, then, that increasing herd size 

rLc, r,„ n “"’'"‘V* and also does not allow much 

quality ^ Practice . Nearly all would need to be saved, regardless of 

malBement nrlf'' hnifons. or b„y them? As with other 

raise teir'ow’li doTo t!'’' ‘’'P'"'!' on conditions. Those who 

“More profitable use of ^^o^ngnown heifers cost less money,” 

lor other reasons One im™"'* ” -y '’erd,” and 

own heifers may do a beii^ farmers who raise their 

the herd is on DHIA n choosing the best ones. Especially if 

which heifers are out o/«h ? programs, the dairyman knows 

de^nd solely on visual appraLk cows. He doesn’t have to 

man on a record pr^rl^’ nA* be purchased from a dairy- 

size, he will no doubt n. L seller is trying to maintain his herd 

and will ofTcr the of f'is own raising 

Replacement heifers on r ^ 

on a farm represent a sizable investment. There 
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are situations in which capital is limited and the capital available can be 
more wisely used for mature cows in milk than for maintaining heifers. 
Feed, space, and labor might also be limited. 

At the same time there are some farmers who can profitably raise re- 
placement heifers. A certain farmer, for example, may not have milking 
facilities or an available market, but ample forage and other feed, as well 
as skill and experience in raising heifers. He might purchase heifer calves, 
raise them to breeding age, artificially inseminate, and sell them just be- 
fore they calve. In some cases, such farmers raise replacement heifers for 
large dairies on a contract basis. 


28.8 The Bull Calves 

As artificial insemination becomes more popular, the price of the few 
best bulls goes higher; mediocre and poor bulls are of little value for breed- 
ing. Therefore, most bull calves on dairy farms are more profitably sold 
for meat. 

The dairyman has several alternatives for handling such calves — “bob 
veal,” “veal,” or growing for a regular feeding program. Bob veal or “wet 
calves” are usually defined as slaughter calves under three weeks of age. 
The flesh is very watery and has little flavor, but can be used for certain 
prepared meat items. Sale price is usually low, but normally enough to 
justify the trip to the market. 

Veal is defined as a slaughter calf between three weeks and three 
months of age. The profitability of feeding calves to this age depends, of 
course, on (1) price of bob veal, (2) price of veal, (3) cost of raising the 
calf, and (4) birth weight of the calf. The main feed for such calves is 
usually milk, so the third item above depends primarily on the cost of 
milk. Table 28-2 illustrates the value of milk fed to such calves. 


Table 28-2. Value of Milk per Hundredweight tVhen Fed to Calves Until They 
"'eigh 180 Pounds* 


Birth 

Bob veal 
price per Ib. 

Veal price per lb. 

S .20 

.40 

Lbs. milk 
needed 

40 

$ .10 
.20 
.30 

$2. 29/cwt. 
2.00 

1.71 

$3.57 

3.29 

3.00 

$4.86 

4.57 

4.29 

1400 

80 

.10 

.20 

.30 

2.80 

2.00 

1.20 

4.60 

3.80 

3.00 

6.40 

5.60 

4.80 

1000 

100 

.10 

.20 

.30 

3.25 

2.00 

0.75 

s.so 

4,25 

3.00 

7.75 

6.50 

5.25 

800 


’•'mi',” A. Sima, and S. T. Stark. Production " Cornell Cni- 

"•‘b.Dept. oI A. It.. Farm Floslifs. Juno tS. JOSS. 
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Note xn the above table that heavier calves, probably those of the 
Holstein, Ayrshire, and Brown Swiss breeds, can be more profitably raised 
for veal when veal prices are average or higher Because the calves are 
heavier at the start, less total milk is needed and more pounds of calf are 
increased in value The average veal price at major markets m 1961 was 
about $25 per cwt 

Because whole milk is relatively high pnced, much research has been 
directed toward dry diets or liquid milk replacers as feeds for raismg veal 
calves Many satisfactory rations have been developed Most contam 
large quantities of milk by product ingredients (see Chapter 6) 

Bull calves sold for veal or bob veal are usually not castrated They are 
slaughtered well before secondary sex characteristics develop Nearly all 
veal comes from dairy herds and breeds 

In some cases it may be practical to raise bull calves for a longer feed 
mg program, as bulls or as steers Profitability vanes, of course, depend 
ing on veal and beef prices and on feed supplies and costs 

As with feeding for veal, calves of the heavier breeds are more hkely 


to be profitable when raised for prolonged feeding These large type cattle 
gam fast, utilize roughage effectively, and usually put on low cost gams 
(see Section 8 6, page 118) Such cattle do not produce top quality car- 
casses, according to present standards The carcasses are more angular 
and ca^ less marbling than carcasses from beef animals, but they do 
yield a high proportion of lean meat (see Section 23 11, page 335) 
f f low, there is some tendency 

oows, especially the poorer 
such cows anrf probably do not anticipate saving heifers from 

and vield'hifh ^ calves produced would bnng more as feeders 

smcc fewer dairv . opportunity for selecting herd replacements 

^ Also. rs impossible to know 

have notjet demons, ratedtormrpr^^Tmj'J,;;,; 


28 9 B«f from Cnll Dairy Cows and Heifers 

per cent of thc^beeN:on^'''*H''* danyrng It i, estimated that about ■ 
•ha. are Pnmardy „fT“rjL? comes from animi 

and bulls discussed m the « figure includes the fed stei 

enter the milking herd fnr action as well as heifers that do r 

uted by mature heifers and but a major portion is contr 

million mature heifers jsnH culled from milking herds About fi 
, s^cre culled from dairy herds m 196 



Figure 28-7. Cattle of dairy breeding comprise a large portion of the slaughter cattie 
receipts at markets. They include steers, bulls, and culled heifers or cows. (Omaha 
Livestock Exchange) 


Most of these were no doubt slaughtered and were a part of the 25.6 
uiilUon mature cattle slaughtered that year (Figure 28-7).“ 

The marketing of cull cows and heifers for beef provides a major source 
of income to the dairyman. Refer to SecUon 22.8 for a discussion of 
supply and price trends for various classes and grades of slaughter cattle 
and Sections 23.6 and 23.7 for discussions of appraisal for slaughter. 

Historically, most dairy cows have been culled and sold for slaughter in 
the fall for several reasons. Cows were bred so the peak of calving was in 
the spring The cows had access to lush spring pasture, which helped 
production and held down production costs. After the grazing season, 
production dropped and more expensive, harvested feed was required. 
Also, cows that had been rebred and had not conceived could be noted by 
this time. This was considered a good rime to cuU cows for slaughter. 

Prices of slaughter cattle, especially those of the lower grades, are 
usually lower in the faU. This is because of the large supply of grass cattle 
on the market. 

In the spring the supply is usually lower and the price higher. Farmers 
and ranchers with plenty of grass compete with packers for lower quality 
cattle, even cull cows. Also, a lower proportion of the market receipts are 
of the lower grades. This also helps the price of slaughter cows. 

^Xms USDA Crop Reporting Board, Commercial Livestock Slaughter and Meat 
Production, January 1962. 
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In recent years there has been a trend toward spreading out calving in 
dairy herds throughout the year, so that production is more uniform This 
may decrease the tendency for culling most cows m the late summer and 
fall Such would have a significant effect in leveling out the supply of 
slaughter beef 

Is It profitable to “dry up” cows and feed them extra gram before selling 
for slaughter^ The answer to this question may not ^ the same in all 
cases If cows to be culled are fairly young and a good quality carcass 
can be produced, heavy gram feeding for one or two months may be very 
profitable The same may be true for cows that are m especially thin 
condition Most aged cows, however, are old enough that they usually 
cannot grade higher than utility The price of such cattle usually does not 
justify heavy gram feeding, especially for longer than a week or two 


28.10 Contract Dairy Operations 

Previous sections in this chapter discussed factors which influence the 
practicability and profitability of dairying It was pointed out that capital, 
labor, management ability, and/or some other item might be a limiting fac- 
tor in making a dairy operation efficient and profitable Lack of capital may 
prevent purchase of equipment required by certain ordinances if market 
milk is to be sold It may also limit the size of a herd, so that equipment 
and facilities are not used efficiently and per unit production costs are high 
It IS also apparent that lack of a go^, steady market for milk might 
prevent a dairy operation from being profitable 
Cenain dairy farmers, as well as processors and others, have attempted 
to counteract these limiting factors by several means Most such attempts 
and/or p°oces ftonzontal or vertical integration in milk production 

several contract arrangements connecting 

ment of milt -n, level m the "cow to consumer” move- 

the contracfino ^ of two or more creamenes or milk plants, or 

The Duroo^e m business unit, is horizontal mtegration 

product^mim» ^ ^ ^ mcrease efficiency and profit by handling more 

efficiently ^ qu’pment more efficiently, and improving distnbutioo 

“cow pool,”\n"wS°one*J*S level might be in the form of a 

faciUues for handling feedmt LZ provides all labor and 

or other investors whV* ^ milkmg, and sheltenng the cows Farmers, 

-pool” to operator of the 

operator ot the oool t sell the milk Hi' 

iind returns the remainder to th 'he pnee of the mdk 

Several imoortant „ ? O'' “ws 

enter into a contract, ne,th«liV^°“'‘' ‘'™P''nsized (1) Two parlies 

s to sign until he is convmced the contract 
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is fair. (2) Each party should expect a return for the resources he pro- 
vides. Contract arrangements vary, but in the previous example the pool 
operator should receive a return for feed, labor, investment in facilities 
and equipment, management ability, and any risk he might assume accord- 
ing to the contract. The owner of the cows should expect a return for only 
his investment in the cows and any risk pertaining to the cows. (3) A cow 
pool, as described here, is not an example of vertical integration. It rep- 
resents simply a merger of several production units. 

There are numerous advantages and disadvantages to contract milking 
arrangements. In general those interested in cow pools are: 

1. Farmers who lack capital for expansion to an efficient unit. 

2. Farmers who lack a good market for their milk.^ 

3. Farmers who don’t want to expand and can't justify expenditures that 
would be needed to modernize their present milking operations. 

4. Farmers who lack the labor needed for dairying or want to semi-retire 
and be free from milking twice every day. 

5. Investors (including farmers) who want to diversify their investments 
and may have confidence in the profitability of dairying. 

Problems inherent in cow pool operations are similar to those associated 
with any large dairy unit. A large number of cows increases the possibility 
of disease and infection and makes the spread of such disease or infection 
easier and more costly. 

Vertical integration would involve contractual arrangements between 
parties at two or more levels in the “cow to consumer movement of milk. 
A producer may contract with a processor and distributor, the processor 
agreeing to provide a year-around market and the producer agreeing to 
give the processor a constant supply. Feed companies, too, are interested 
in contractual arrangements with dairymen. 

Situations adapted to vertical integration, and the reasons companies are 
interested in vertical integration, are the same for dairying as for contract 
feeding of livestock (see Section 10.8). 
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SELECTION FOR MILK PRODUCTION 


It IS worthwhile for the reader to review at this point the 
four rules for effeaive improvement of livestock by selection, 
given m Section 14 6 Rule Number 3 was Observe or 
measure accurately the traits earned by a prospective breeding animal 
This chapter is devoted to the appraisal of milk producing capacity and 
other economically important traits of dairy heifers and cows, as well as 
appraisal of the genetic ment of bulls that might transmit these traits to 
their offspnng 

Dairy heifers are selected ( I ) for their own life time production and (2) 
as a breeding animal to produce high quality daughters and sons The in- 
centive for accurate selection is high Bulls are selected solely as breeding 
animals Selection incentive is even higher for them than for heifers, how- 
ev^ because of the larger number of offspnng they might sire 
Most of the matenal m the mtroduction and Part A of Chapter 16, 
Appraisal of Breeding Stock, also applies here The reader should review 
r®” proceeding with this chapter 
^3?* A chapter are devoted to appraisal of heifers and 

discussed m Section 29 11, is highly dc- 

COWS and h f appraisal of their daughters and other relatives — 

cows and heifers m milking herds 

29.1 Selection Within a Herd 

hedm and ''’1? is the goal m selecting 

can apparently be itiLe^W tit* toward this goal 

milking herd cullme fmm tK ^ essentially all heifers into the 

nxertig neiirarsSon'eS";?’"' 

formation, exceot for «f.r j toward production and ignormg con- 
ductne lifetime of the animS bl shorten pro- 

fer in la ter secti„„rcf mTchaX"" 
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Selecting or discarding heifers solely on the basis of their dam’s produc- 
tion permits many selection mistakes. A heifer receives only 50 per cent 
of her genes from her dam; the remainder are from the sire. Also, herit- 
ability of milk production is only about 30 per cent. The practice of culling 
low producing cows on the basis of their ou7i production permits more 
accurate selection (see also Section 29.8) 

Also, when excellent bulls are used (more generally possible with arti- 
ficial insemination), many heifers will be higher in producing ability than 
their dams. In fact, a heifer may exceed her dam’s production, even 
though she be younger. For maximum herd production, in such a case, the 
heifer should be saved and her dam culled. 

There arc economic considerations, however. A dairyman wants^ to 
make most rapid progress in raising herd productivity only if it maximizes 
profit. The feasibility of putting essentially all heifers in the herd and 
culling from the low end of producing cows depends, in part, on the cost 
of raising all heifers to maturity and the salvage of cows culled after one 
or more lactations. Also, on the average, heifers produce less milk during 
a lactation than do mature cows. 

29*2 Significant Records to Keep 

As with other animals, the best record systems are the simplest. They 
will more likely be maintained and used. The common and essential com- 
ponent of any worthwhile record system is positive, readable identification 
ofevery animal (Section 16.5). 

The most significant records pertain to the cow calving and breeding 
dates, milk and butterfat produced, etc. The recorded performance of a 
cow can then also be an indicator of the performing ability of her daugh- 
ters, her sire, and other animals related to the cow. 

What records are worthwhile to have for continued evaluation of a cow 
in the herd or for appraisal of daughters and other relatives? Birth date, 
name or number of sire and dam, breeding dates, and calving dates should 
all be recorded. These dates help in routine management of the cow herd 
nnd, if converted to disclose the age of the animal at each important 
event, serve as important appraisal information. They show how readily 
the heifer conceived when bred, length of pregnancy, uniformity and 
length of calving interval, and other economically important characteristics 
(see also Section 16.6, page 227). 

It is usually worthwhile to record vaccination dates and growth rate 
as measured by body weight at a standard age. Many dairymen record such 
subjective information as temperament, speed with which milk is let 
down,” speed of milking, case of milking, etc. This is of less significance 
in a small herd managed by a single man who knows all cows well, but 
essential to intelligent selection in a large herd. 

Recognize that the performance of a cow is not a perfect indicator of 
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the perfonning ability of her daughter or other relaUve. A heifer receives 
only 50 per cent of her genes from the dam, and more distant relatives 
probably have a smaller proportion of identical genes. Also, environment 
influences certain traits considerably, perhaps masking the true genotype 
of the animal. 


29.3 Milk Production Records 

Milk is the product of dairying. Though reproductive efficiency and 
other traits are important in a dairy herd, most selection effort should be 
exerted on production. Exerting some selection for conformation in dairy 
cattle may, in fact, be a deterrent to continued progress in production. 
Less progress in production can be attained if selection effort is exerted 
on both production and conformation.* 

Production information recorded always includes volume or pounds of 
milk produced, usually percentage and pounds of butterfat, and sometimes 
the percentage and amount of solids-not-fat. It may also include per- 
centage of protein or other milk constituents. 

Since the dairyman is interested in production records as a measure of 
genetic merit (productive potential or breeding value), efforts are usually 
made to standardize records for environmental influences which exist A 
lactation record, for example, would specify which lactation (first, second, 
wi, at calving, days milked, number of milkings per day, 

‘'“™8 lactation, etc. nic extent to which 
Sfwn factors inBnences production is fairly weh 

comnarisnn ^ adjusted to a standard set of circumstances for 
Ts^rd w?' 1° ^ teally useful. 

Table 29 1 shows th° r f°t *tiany comparisons. 

™don Jo'tle JOsT byUtipIieaticu, 

can be made similarly* ^ *'fj“a’'>'="ts for other variables 

t- Tacloo for Convm ing Production to a SOS-Day Bash 

Days in T 

lact ation Days in Factor Days in Factcrf 

U^^7^;;rr . . . . . Uctation _ 

241 10270 lof, 

271 10 309 ... ,'m 350 0.90 

310 ^ 0-94 355 0.89 

■ 340 0.92 365 0.87 

tneni.- VSDA r%ft. Buli jSo!196U^' ^“Portance in Breeding and Manage- 
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If a cow is milked three times per day rather than two, her record is 
usually multiplied by 0 83 if she is under three years of age, 0 85 if urider 
four, and 0 87 if four years of age or over Example adjustment factors 
for age of cow (at beginning of lactation) are given in Table 29-2 Note 
that the ages of six to eight years are generally considered standard, and 
production of older or younger cows is adjusted upward 


Table 29-2. Factors for Converting Production to a Standard Age 


Age, 

years 


2 0 

2 5 

3 0 

3 5 
40 

4 5 

5 0 
5 5 
60 
70 
8 0 

10 0 
12 0 
14 0 


Ayrshire 

Brown 

Swiss 

Guernsey 

1 30 

1 45 

1 24 

1 24 

1 35 

1 18 

1 18 

1 23 

1 12 

1 13 

1 16 

1 08 

1 10 

1 10 

1 06 

1 06 

1 07 

1 04 

1 03 

1 04 

1 02 

1 02 

1 02 

1 01 

1 00 

1 00 

1 00 

1 00 

1 00 

1 00 

1 00 

1 00 

1 01 

1 03 

1 02 

1 04 

1 06 

1 06 

1 08 

1 09 

1 10 

1 12 


Holstein 

Jersey 

Milking 

Shorthorn 

1 31 

1 27 

1 42 

1 24 

1 21 

1 30 

1 18 

1 15 

1 24 

1 12 

1 09 

1 18 

1 08 

1 06 

1 13 

1 04 

1 03 

1 10 

1 02 

1 02 

1 07 

1 02 

1 01 

1 04 

1 00 

1 00 

1 01 

1 00 

1 00 

1 00 

1 00 

1 01 

1 01 

1 04 

1 04 

1 04 

1 09 

1 08 

1 08 

1 15 

1 12 

1 12 


Figure 29-1 illustrates calculations made to adjust production of a thrce- 
year-old Holstein cow, milked three times per day for 315 days m her 
second lactation The adjusted record is the estimate of what that cow 
would produce if she were six or seven years of age (mature), and milked 
two times per day for a 305-day lactation 


Figure 29-1 Adjustments made in the lactation record of a young Holstein cow so 
her record can be compared, on a standard basis with others 


A three year old Holstein cow milked three times per day for 315 days pro 
duced 10 000 lbs of milk 

Adjustments 


A 

Length of lactation 


10000 lbs X 98 9800 lbs 

B 

Times milked per day - 


9800 lbs X 85 - 8330 lbs 

C 

Age 


6330 lbs X 1 18 > 9829 lbs 

The adjusted record 9S29 lbs Is the production expecled U the cow had been 
mature and milked twice a day for 305 day lactation (This adjusted record is 
called a mature equivalent record ) 
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Other environmental factors that exert temporary or permanent influ- 
ences on production should be made a part of the record, so that the 
record might be more intelligently evaluated, especially after several 
years elapse and the dairyman’s memory fades Sickness, udder injury 
or infection, or loss of a quarter should be noted Extremely hot weather 
that cuts production, or a short and poor quality feed supply for a time, 
would influence the whole herd but mi^t still be noted Different cows 
will be at different stages of the lactation curve, production may be cut 
only slightly among some cows and severely among others (see Section 
30 3, page 436) Also certain cows in the herd may be dry at the time 
of this environmental influence so their production records would not be 
affected 

Season of the cow’s lactation, level of management, length of dry 
period preceding the lactation, and many additional factors obviously 
might influence production 

Personal knowledge of existing environmental conditions, and of the 
reactions of individual cows to these conditions, permits improved se- 
lection accuracy The dairyman can do a fairer job of interpreting a 
set of records and deciding how much influence they should have on his 
selection decisions 


29.4 Milk Composition and Appearance 

n'entioned in the 

fs V, r ’’ o' “f'om record systems Just as there 

cordlMr^'"" oniong cows, there is also 

405 O' fte "olk (s« Tabic 28-1. page 

4U5 ) This may mnuence the value of milk produced 

acto'.'sucs'hav! Z' h”" '!! "'oma of milk These char- 

probably safe tn a« studied from a genetic standpoint It is 

IS caused or oermutZh °' the variation which exists 

25 5 Record Keeping Programs 
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duction which exist among cows. They notice these differences twiee every 
day. Swine and poultry raisers and some beef cattie men have recently 
participated in organized record programs, but in most cases only after it 
was clearly demonstrated that large differences in productivity exist in 
these species, too, even within herds. 

Though dairy record programs are of long standing, only about 15 
per cent of the dairy cows in the United States are in one of the organized 
programs.'* These programs include Dairy Herd Improvement Associ- 
ations, the Owner-Sampler program, and Weigh-A-Day-A-Month pro- 
gram, all available to any dairyman, as well as several programs used in 
purebred herds and officially recognized by breed associations. 

The DHIA program is most popular. On January I, 1961, about 11 
per cent of the milk cows in the United States, in about 42,500 herds, 
were in the program. Average production of such cows during 1960 was 
11,045 pounds of milk and 428 pounds butterfat (3.9 per cent butterfat). 

Though this program is sponsored by USDA and state extension serv- 
ices, individual associations are formed in producing areas. These usually 
include one or two counties, depending on density of cows. An employed 
supervisor visits each farm one day each month to weigh and sample the 
milk from each cow (Figure 29-2). This includes both a morning and 
evening milking. The percentage of fat in the milk is determined and 
recorded for each cow. He records the amount of concentrate fed each 
cow, the amount and quality of roughage fed, and other information on 
individual cows — calving dates, dates cows are dried up, etc. 

*ARS, USDA, Dairy Herd Improvement Letter, Feb. 1961, and Dec. 1961. 

Hgure 29.Z. The DHIA su- 
pervisor visits each herd 
once a month to weigh and 
sample milk of each cow 
and record other data. (Iowa 
State University) 
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The supervisor may then compute monthly and cumulative production 
information, estimated feed consumed per unit of production, and other 
desired information and enter these data in the dairyman’s herd-record 
book The present trend, however, is toward central machine processing 
of the data collected by the association supervisor Electronic computers 
can provide more information on DHIA herds, in less time, and with 
complete accuracy Some expense is involved, of course, but the associ- 
ation supervisor has time to check more cows each day because he no 
longer spends time computing summaries He merely mails recorded data 
to the central data processing point The electronic computers summarize 
the desired information and printed herd reports arc mailed to the herd 
owner, usually within 7 days after the herd is tested Figure 29-3 is an 
example of a monthly report The following page explains the information 
provided on this sample report 

Because of the cost of complex electronic computers, they must be 
fully used for handling dairy records or for other work Cornell University, 
North Carolina State College, Washington State University, Utah State 
University, Ohio State University, and Iowa State University process 
records for their own and certain surrounding states 

In addition to production and estimated efficiency summaries for each 
cow and the herd, the summarized reports give considerable management 
information, such as milk produced per worker, return above feed cost 
^r wor er, age at last calving, and reminders for breeding and drying 


p'°pam the dafiyman records milk weights and 

the samples the nest day, tests 
Sm He e "“'ded .n the DHIA pro- 

>’y ‘he supervisor or at a 
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returned ® records are then summarized and 
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Dairy breed associations recognize records gathered under certain or- 
ganized programs as bases for certifying the breeding value of purebred 
bulls, as well as for validating the producing ability of cows. 

An increasingly popular program used by owners of purebred herds is 
DHIR (Dairy Herd Improvement Registry). This is identical to DHIA, 
except that central processing of records is required and check testing is 
stipulated for animals or herds whose records are surprisingly high. Com- 
pleted lactation records are sent directly to the breed associations. 

The development of central processing of DHIA records made this 
program entirely practical for breed association use. Since most purebred 
herds are located in areas where there are numerous dairies and where 
Dairy Herd Improvement Associations exist, it is efficient to use the same 
supervisors and procedures for recording production in the purebred herds. 

While the DHIR program is identical for all breeds, some special record 
programs sponsored by dairy breed organizations differ among the breeds. 
The various programs fit well into two groups. Herd Improvement Regis- 
try (HIR), and Advanced Registry (AR). Other names might be used 
by certain breeds. 

Both HIR and AR are supervised by state agricultural colleges accord- 
ing to breed rules. In most HIR programs, the DHIA supervisor gathers 
the same monthly data on the entire herd as in the regular DHIA program. 
Monthly records are sent through the State Superintendent of Official 
Testing (usually a dairyman at the agricultural college) to breed associ- 
ation offices for further calculations and comparisons. Since the sire of 
each registered cow is known, the daughter’s production records may be 
recorded as evidence of her sire’s genetic value. 

The Advanced Registry program is used by a limited number of pure- 
bred herd owners. Selected cows may be tested rather than the entire herd. 
Daily milk weights are usually taken and butterfat is checked monthly. 
Such programs are usually used only to publicize the production of espe- 
cially high producing, valued cows. 

29.6 Use of Records 

Production records on cows in the milking herd are used as an indicator 
of the producing ability of daughters that might be herd replacements. 
They are used also to determine which cows, if any, should be culled. The 
third major use of production records on cows is the evaluation of the 
genetic merit of bulls — sires, brothers, sons, or other relatives of the cows 
(Section 29.11). 

An additional use of production records is not associated with the 
function of this particular chapter, though it is highly important. Produc- 
tion records provide much help for manasing a dairy herd. Refer to the 
vast amount of information contained on the sample DHIA monthy sum- 
mary report in Figure 29-3 and to the c.xplanations accompanying it. 
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The dairyman is able not only to compare cows on monthly production, 
but also to compare cumulative figures He is usually given averages for 
other herds to compare with his herd averages 

A feeding index shows how the herd’s feed consumption compares to 
that v/hich should be needed for maintenance and the reported milk 
production The dairyman can therefore a>mparc the cfTiciency of his herd 
with a standard DHIA monthly summaries also show the pounds of con- 
centrate that should be fed each cow per day, according to her present 
weight and production Other management helps are also given 

Production records are of increasing value in merchandising heifers, 
cows, and bulls, whether they be surplus stock or part of a herd dispersal 
Not all records arc good records, but a prospective buyer appreciates the 
availability of records to supplement his visual appraisal of dairy stock 


29.7 Selection Standards for Heifers 

Though putting essentially all heifers into the milking herd and culling 
from the bottom end of producing cows may permit most rapid genetic 
progress, the cost of raising heifers and salvage value of mature cows may 
dictate some selection among heifers 

It was mentioned in Chapter 28 that only about 35 heifers could be 
raised per year in a 100-cow herd and that about 20 of these would be 
needed for herd replacements just to maintain herd size These figures 
are merely approximations, but do indicate there is a limit to the seventy 
of selection where it is to be practiced on heifers If standards for selec- 
tion are set too high, not enou^ heifers can be saved 

healthy and without conformation defects, selecuon 
might be solely on producing ability, as measured on dams If the heifers 
under consideration were sired by difterenl bulls, the genetic ment uf each 
mieht of dnughters or close ancestors) 

Dairv h ^ 1 ? uppraise the producing ability of individual heifers 

each momll " *™"8^oul the year and some reach breeding age 

He wZfwes “ ""“P” P°=^‘- 

set a minimum a P*'** Instead, the daiiyman must usually 

ca m h. he^Z"^ >hat reaTnable and praeU 

scorn” to ZoTart t f '^P^ 

would give weiehl to Section 16 11, page 234) The index 
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the animal considered m on ! Z’ the trait was appraised on 

non would dommate anv ,n,r "“"''p f" "tost commercial herds produc- 
sion In certain purcbredZn “ P°”'t°' 'ftP selection deci 

sidered important this wonin" f '“uerc type and conformation arc con- 
t inis would not necessarily be true 
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but there are other considerations Cows near to calving generally sell for 
more The seller has borne the major cost of pregnancy and the buyer will 
soon have a new calf, plus a cow at the peak of her lactation cu^e Price 
of beef — salvage value of the cow — also has an influence 


29.10 Visual Appraisal 


Because some selection in dairy cattle is done before the heifers arc in 
production and because a relatively small percentage of the dairy herds 
are on record programs, some appraisal of animals for the milking herd 
must be done visually 

In many cases, visual appraisal is used only as a supplemental tool in 
selection Dairymen are generally more acquainted with production traits 
(even when producuon records are not maintained) of individual animals 
m the herd than is the owner of a beef or swmc herd or of a sheep 
flock Also, in over 50 per cent of the cases, the dam is still in the milking 
herd (being milked twice daily) and the owner needs to rely less on 
memory of the dam s production traits 


The effectiveness of visual selection withm a herd depends on the degree 
of relationship between visible traits and production EfTccuvcncss also de- 
pends, of course, on the accuracy with which people can sec and appraise 
physical characteristics In other words, one who appraises animals 
visu^ly must have a trained and experienced eye He must be able to see 

h. H '*1 “es. and discriminate among potenual 

herd rep acements when the scleaton decision is to be made 

(rSle 29^4)“ producuon ere rather low 


ApProiOTsK Comlwioes Between Cer- 
tarn Conformanon Trails and Milk Producuon* 


Traits^ 


Correlation coefficient 


0 16 
0 10 
0 24 
0 08 
0 12 
0 04 


“Dairy type” raUng 
General ^pearance 
Dairy character 
Body capacity 
Mammary system 
Feet and legs 


° Bayleyrfaj VSDA Tech Bull 12 

by breed organization 

are usuaUy those ^Mards used for other traits 
Ca« ™ U„,„eU Scoe. 

and af^roved by The Amen CaUle Association 
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Note that the individual trait "dairy character" is more highly associated 
with milk production than is "dairy type" rating, an over-all conforma- 
tion appraisal. Dairy character, then, seems to be the best visible indicator 
of the production of a cow. 

The fact that repeatability of milk production, given in Table 29-3, is 
much higher than the correlations in Table 29-4, is evidence that selection 
on the basis of one lactation record is more accurate and permits more 
rapid genetic progress than selection on the basis of any or all conforma- 
tion traits. This has been demonstrated repeatedly. 

Items normally considered in visual appraisal are briefly discussed m 
the following paragraphs. 

Mature Size. Within a breed, larger type heifers (stretchy, large-framed) 
are usually preferred. Larger heifers usually eat more feed and produce 
more milk. Essentially no more labor is needed to milk a high producer 
than a low producer so the proportionate labor costs would be less. Larger 
heifers can usually be bred at an earlier age, usually calve easier, and can 
make better utilization of forage. 

Larger heifers are more rugged, better able to withstand stress and 
disease. They can wade through muddy lots, for example, and their udder 
is higher oft the ground so it stays cleaner and is less likely to be mjured. 

Calves from large type heifers and cows are larger, too, so they are 
more likely to get off to a good start, especially if raised m poor environ- 


mental circumstances. , „ 1 • j 

There is another advantage of large size in dairy cattle. Bull calves raised 
tor veal or castrated and sold for steer feeding are more profitable. See 
Table 28-2, page 407, concerning veal. Cattle feeders who want to market 
roughage through low quality cattle prefer larger type cattle. They can 
utilize more roughage that is lower quality and a larger proportion of thmr 
radon can be roughage. They usuaUy gain faster and therefore more effl- 
‘^‘ondy. 

Recognize that the above discussion pertains to relative size >v"hi« 
breeds. Some of the points mendoned apply to comparisons among breeds 
also. But comparisons among breeds should also “ulude many other 
important consideradons, such as milk coraposiuon (Table 28-1), con- 
sumer demand, personal preference, and others. • u » 

Rudy Capacity. Body capacity is obviously related to mature size, but 
‘here is also variation in body capacity among cows or heifers of the same 
«ze. Body capacity refers to the room in the thoracic cavity for the heart 
“Ud lungs to operme, as weU as in the abdominal cavity for the digestive 
system to handle large volumes of feed and water. , , . • .u l . 

A large body capacity is desired. A heifer should be deep m the ehest 
well as at the rear rib. She should have a lot of spring of nb —the 
ribs should spread out wide from the baekbone. The third dimension is 
Rngth. A longer thoraeic or abdominal cavity, of course, has more room. 
Bear in mind Uiat this discussion concerns body capacity m relation to 
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total size or weight A large heifer that is shallow bodied and narrow 
through the ribs cannot handle large enough \o!umcs of feed 

Differences m body capacity m relation to body weight may explain 
much of the variation m efficiency of milk production noted among cows 
of the same size (Section 28 1) 

Dairy Character. This term, dairy character, may seem rather vague 
To a dairyman the term means rennement — freedom from fleshiness or 
fatness — noticed especially in the neck, withers, and thighs If an animal 
has much dairy character, the neck is long and lean, and blends smoothly 
into the shoulders The withers arc sharp, the ribs wide apart and easily 
counted, and the thighs flat or concatc 
All this IS taken as evidence that the cow, when mature, has a genetic 
tendency to pul the nutrients she consumes into milk during lactation, 
rather than to tissue growth — lean muscle and body fat 
Certainly a dairy heifer must grow in order to reach mature size But 
if she IS well managed, using maximum proportions of roughage m her 
ration, she should not show a tendency to fatten Nutrients should be used 
for growth m size, with emphasis on skeletal growh (see also Figure 7-9) 
Dairy character is usually more apparent in mature cows, but can be 
appraised with some accuracy m young heifers Though it is more highly 
correlated with production than other conformation traits or any “toUl 

immature heifers is slUl 


m^nunaty sysicm includes the udder and the 
volumes of milk, be 

the cow can h a should be shaped and spaced so 

uie cow can be milked easily ^ ^ 
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In immature heifers the presence of only secretory tissue is difficult 
appraise. Most dairymen check the udder of a young heifer by feel. The 
udder should be very soft and pliable, rather than firm and meaty. 

The udder should be firmly and securely attached, especiaUy m a large 
heifer that is expected to produce large volumes of milk. The front and 
rear attachments are most noticeable; these should be I^g ’ 

without a sharp break between the body and the udder. The middle liga- 
ment, which runs longitudinally between the two sides of the udder, 
more important for support, however. _ 

Strength of udder attachments and supports is also diffieult ‘u 
among young heifers. It is most easily appraised on aged cows. 
been in the herd for many lactations. Those with strong udder attachments 
are obvious. Those with weak attachments are equally obvious. The udd 
is pendulous. Teats may be close to the ground, ^harp breaks are ev^en 
between the body and udder at the front and rear. If the middle hg 
is weak the center of the udder is low and the teats PO’C* 

Strength of udder attachments may be '“hinted to a degree If ^o,^sm« 

ISy a^rSt; c^tk^thTr, peThWstill in the herd, than by 

»s. w «» W. TO 

Cylindrical shaoed more like a snori ic 

for easier machine milking because it permits more uniform pressure on 
die teat in the milkina tjrocess and less teat injury. ^ 

The teats should be far enough apart to aUow machine use. They 

should point straight down, perpendicular to the ground. 

Ease and speed of milking is influenced, to a degree by teat shape ^d 

^“hTchTe'milk leaves the teat and the flexibility of the tissue 

surrounding ffiis.canah on thTdams or sisters 

Again, the appraisal may oc » 

°'prtset^rorpTomi°nem and tortuous “veins" along the belly in front of 
the udder, as well as on the sides of the udder, was formerly thought to be 
evidence of high milk producing capacity. In fact these veins were often 
called “milk veins” even though they carry only circulatory fluids (milk is 
formed in the udder). There is no available evidence that prominence or 
tortuous nature of these veins is significantly correlated with milk produc- 

and Legs. Feet and legs should be structured for maximum strength 
and*sup^port. A two-year-old heifer selected to go into a dairy herd may 
carry eight or more calves during her lifetime, stand on concrete from 
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2,400 to 60,000 hours (depending on method of management), and/or 
walk hundreds of miles grazing 

The four legs should be set out on the corners so each carries a pro- 
portionate share of the weight They should be straight so there is less 
stress on the joints, the long bones, and the muscles that support them. 
The pasterns should have enough slope that they cushion each step. Legs 
should show evidence of large, strong bones, especially on large type 
heifers 

Good legs for gravng are of less concern than formerly, as more dairy- 
men shift to strip grazing, the cows walk less each day Some producers 
feed all forage to their milking herd in confinement This docs not reduce 
the need for straight and strong legs, however Most cows kept in con- 
finement spend much of their time on concrete, which provides little 
cushion in walking or standing 


29,11 Sire Selection 

Smcc artificial insemination is being used in an increasing percentage of 
herds (over one third of the herds m the U S m 1961), many dairymen 
Me not concerned with bull selection, except as they might choose semen 
ora certain bulls Certainly much more genetic progress can be made, 
owever, in sire selection than m selection among females Selection can 
e more severe because relatively few bulls arc needed, and appraisal can 
be more accurate, utilizing records on many daughters and other relames 
, OHM e best sires are chosen, their merits can be spread rapidly 
and widely to many calves 

conunued increase m use of artificial insenunauon 
semmatin ^ Section pnmanly to choosing bulls for artificial m- 

semmauon orgamzaUons or “studs ” 

provided both the mcenUve and means for 
tions sire over 20 (inn ° “>«=•">■> Some bulls used in arUficial msemina- 

TeS s" be»l T= of */value of 

considerable moaey aad*effOT justifiable to spend 

use ^ insure that only the best are chosen for 

sire” teL^rogram'^s^orof’"'^'*'’"* through a “young 

performance of daughters a “‘Lottes on the accepted premise that 
records of other cowf m th’osrb'^ “"‘f compared with 

bull’s genetic ment licrds, is the only satisfactory measure of a 

are chosen for vacancy anUcipated in the stud—- 

their dams, sires or ah basis of records available on 

’ other relatives As soon as a young buU m the 
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program is sexually mature (about 18 months), semen is collected and 
distributed to technicians for random use. The goal is to obtain pro uc 
tion records on 30 to 50 daughters. Since only about 11 per cent of cows 
are on DHIA testing programs, and since some cows bred will not conceive 
or calve and only half the calves will be heifers, semen for insemmaung 
1000 to 2000 cows from each young bull may be distributed. 

The cost of such a program is evident when one realizes that all young 
bulls in the testing program must be boarded four to five years, rom 
sexual maturity until the results of the test are known. It has been demon- 
strated, however, that the accuracy achieved by this method o Mre ap- 
praisal justifies the expense and time involved. Sires c losen y 
method are usually termed A. I. (artificial insemination) or A. B. tarn- 

“iS-SKT., .. 

production of the dam, sisters, and other 

daughters can be more accurately appraised. The P . 

can be compared with that of its dam or its 

in the herd that calved in the same season and perhaps are the same ag . 
29.12 Breed Color Standards 

Color, as such, has no known significance as f “ 5®'?’ 

‘ionship to, milk producing charaeterktics. 

typical color patterns, just ” ^ “ nJ°nUy In’ other words, the 

specific color patterns. At e production traits. But selection 

ach breed to be fn^y consistent ^ 

for the two factors has been independent, one 

“’f ..d 

“«,!« .“"d«d. .JOW U.. » ],.« dd id=ml- 

out are of no concern in scicciinb j 
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Milk IS secreted m all species of farm livestock, so the in- 
formation and discussion m this chapter pertain to all these 
species, not just to dairy cattle Dairy cattle, however, have 
been developed primarily for milk production Since selection for this 
trait over hundreds of years has been effective, present dairy cattle are 
extremely efficient as milk producers compared to beef cattle or other 
species (Table 30-1) 


Table 30 I Approximate Milk Producing Ability of Farm Livestock 



Av pounds 
per day during 
lactation 

Percenuge of 
body weight 

Dairy cow 

32 

2 5 

Beef cow 

Sow 

Ewe 

10 

2 

2 

1 0 

0 7 

1 6 


nurse expected to produce only enough milk to 

•” grass or feed In 

the calves can Se""or fad ’ff ‘H **’“''* 

producuon is excessive snrh "P nficr the calves are weaned U 

The above paraerapli shmilH ** regularly 

man from studvine miiv disinterest the beef, swine, or sheep 

these s^ieTwS There are some Limals m 

lificness m livestock this S *ttarn to increase prn- 

‘let down” milk after oarti. ® ^nous problem A few fail 

Influences of fadin ^““”8 ““ ”“rse 

don, and desirability of milk amount, composi 

nr they may inflnLi lLC'"**’ *«e speeies for their young jurt 

produced by dairy cows ^ eotnposition, and desirability of nulk 
y cows for human consumption Further, those who may 
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not be dairymen still drink milk. To a consumer, the topic of milk secre- 
tion may hold considerable interest. 

Though principles discussed here do apply to all species, most examples 
and illustrations pertain to milk secretion in dairy cattle.^ 

30.1 Anatomy of the Udder 

Figure 30-1 presents a top cutaway view of the udder of a dairy cow. 
Note that the right and left sides are separated by a thick layer of connec- 
tive tissue. This middle suspensory ligament carries much of the weight of 
the udder. It was mentioned in Chapter 29 as being important in keeping 
the udder snugly attached and the floor of the udder level. The two 
quarters on each side of the udder have separate duct systems and are 
supplied by separate networks of arteries. Each quarter, therefore, operates 
almost as an independent unit. 

Middle Suspensory 


Outer Wall 
of the Udder 


Rwre 30-1. A ,op cutaway view of a cow’s odder. Note the Ih.ek eeater membrane 
"d the outer walls which provide most suppon. 



, ‘ More complete information on milk secretion “ from «vctal imurcw 

^o^udmg Phyuohsy o/ iMMUon. 5th edition. 

Ames, Iowa. 1959; The Memmurj GbnJ. j ‘n 

“rothers, Columbia, Missouri. 1952: and Doiry Science by W. E. Petersen. J. 11. 
• Fmcoti Co , New York, 1950. 
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All quarters of the udder are not necessarily the same size The rear 
quarters are usually slightly larger Together, they produce about 60 per 
cent of the milk while the forequarters produce about 40 per cent. If one 
quarter of an udder is lost, by mjury or mfecUon, the remaming quarters 
usually expand slightly and each produces more milk The total production 
m such cases, though usually is not equal to the production before loss of 
the quarter 

The functional tissue in the udder — that which produces milk — is 
called secretory tissue It consists of many small cell groups, called alveoli, 
in each quarter An alveolus is hned with many cells, each is capable of 
secreting milk The physiology of this secretion process is discussed in the 
next section, but it is important to note here that, for secretion to occur, 
each cell must be supplied with nutneots and milk precursors via the body 
circulatory systems If many small groups of secretory cells exist in each 
quarter, it is apparent that the blood and lymphatic systems must mclude a 
profuse network of capillaries to reach every cell 

The many groups of alveoli m each quarter connect, through a senes of 
ducts, with the milk cistern near the base of the quarter {Figure 30*2) 



tA i 


m 


Figure 30 2. A cross sectioo of * 
quarter right Note bonzontal straodi 
of connecuve tissue which support 
the ducts and secretory tissue witha 
the quarter In the photo on the left 
the coDoective tissue is not easily dif 
ferentiated but the cisterns and cross 
sections of ducts are evident [pholo 
Iowa State University) 


blood capillaries 

secretory cells 

lumen of alveolus — 
rrulk ducts 




Ducts — -,^5^ 

Udder Cistern ’ 

Cistern -a- 
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Note in the drawing that each duct is slightly constricted at the point 
where it joins a larger duct. These constrictions are opened or closed to 
control passage of the milk to the milk cistern. Each of the ducts acts as a 
storage cistern for milk until milking begins. 

The teat is relatively hollow. The teat cistern connects directly with *e 
large milk cistern at the base of the quarter. In some cows this connection 
is not as large and open as indicated in Figure 30-2. Overlapping layers of 
tissue at the top of the teat cistern sometimes slow milk flow into the teat 
and can slow the speed of milking. 

The tissue lining the inside of the teat cistern may contain numerous 
“pockets.” There is considerable variation among cows; in some me lining 
of the teat cistern is smoom. Where pockets exist it is possi e at some 
“lilk might remain here and permit an increased bacteria count of 
subsequent milkings or cause infection. i „ rm.- 

MUk leaves the teat at milking time through the streak canal. This 
opening is controlled by a circular, sphincter muscle. The sphincter 
muscle constricts the opening between milkings, but may relax so™ when 
(he cow is washed for milking, so milking proceeds rapidly and fsily- The 
relaxation of this muscle at milking is not complete, nor perhaps even 
noticeable. It is apparently a part of the whole “let-down taction result- 
ing from a stimuhis associated with milking. Milk is 
sheak canal by pressure on the teat or the vacuum present in a “‘'her teat 
enp (Figure 30-3). A sphincter muscle without sufficient tonus may 
permit milk to drip or flow from the teat as milk accumulates in the udder 
prior to milking, and especially when let-down occurs. 


Rsur. 30-3. The milking process. Milk is forced through the streak canal by positive 
Or negative pressure. 
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TTie anatomy of the udder also includes a profuse system of nerve cells, 
reaching the alveoli, each duct, and the teat Let down of milk is closely 
and intricately controlled by the nervous system, stimuli for this nerve 
control are environmental happenings and/or hormones released into the 
circulatory system by endocrine glands at certain times 


30 2 FhysiologyofSecretiott 

Circulating fluids — blood and lymph — are the immediate source of milk 
Mnstituenu, or precursors of milk constituents It has been estimated that 
through the udder for each pound of 

mm™ “ alveolar ceUs of each quarter Some of the nulk 

thrniioh^th directly into the cells from circulating fluids, 

f •>>' “« wall Olher milk conLlueuts 

precursors sunnheHh ^'''“'ar cells, being synthesized from certain 
premrsors supplied by the circulating fluids 

men mTablf28“.T''‘'?oe“‘.."''''‘ d'ffetunt breeds was 

of milk apoarendv eri/° WaUr, which makes up most of the weight 
of other nutrients^that milk° •’V ample filtration Sources 

graphs ^ th Ute following para- 

wimpose^of glucose'' an^griKtos^^'-^e™^ Mtbohydrate in milk, is 

charides, rather similar t'*'® compounds are monosac- 

contam glucose it mieht be * structure Since both blood and milk 
-Us by simp ’ 1 ” mn 

research indicates thars„m™ Z‘’pr"'''' 

Other small compounds such is also formed in the cells from 

attain of these small ’acids" we nf"’ P™P‘m‘= 

digesuon m the tuminant so *7^1 n products of carbohydrate 

Galactose, the second 'mnnf,^ contain significant quantiues 

by a rather direct eCea V" 

aTOmphshed 10 ihe secrelotv cell c Tb** inversion is 

of ^ucose and galactose then ars»*e.k ** enzymes One unit each 

Most of the protein m milk is m combined to form lactose 

lactalbumin and globulm Each “sem, but some appears as 

^mons of ammo acids Imked contains different p«>- 

diffcrent from the blood proteins Pamrns Most milk proteins are 

have the major responsibilitv tor’h^in' “ “PP^™' foat the alveolar cells 
trm molecules buiidmg up u.e eharaeterisUc milk pro- 

mm, Biochemmi, 

”» Manunaiy Gland," Endeaicur XVIU 
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Research indicates that large proportions of the amino acids used for 
casein, lactalbumin, and globulin come directly from the blood. They were 
present in the blood as free, circulating amino acids. There is also evi- 
dence, however, that blood proteins and glycoproteins (compounds made 
of both carbohydrate and protein) can be absorbed into the mammary 
gland and used as a source of amino acids. In addition, it has been 
demonstrated that mammary tissue is capable of synthesizing certain 
dietary nonessential amino acids for milk protein formation. 

A similar situation exists in the formation of milk fat. Many of the 
long-chain fatty acids which form a part of the milk fat are apparently ab- 
sorbed directly from the circulating Buids. At least part of the short- 
chained fatty acids, however, are synthesized in mammary tissue from 
acetate (a small, two-carbon unit) or other compounds. 

Minerals in milk are absorbed directly into the alveolar cells from blood. 
Some are present as free elements; others are in a combined form. It may 
be that some type of selective absorption occurs to control the amounts and 


proportions of the minerals in milk. ^ ui o- 

Vitamins, or their precursors, come directly from the blood Smce 
vitamin intake influences vitamin level in the blood, it also has an effect on 

Ihe vitamin level in milk. • . . 1 . i « .i. 

As mUk is formed in the secretory ceUs, it passes into the lumen of the 
^veoli (Figure 30-2), then into the ducts for storage. As milk accumu- 
lates, the udder enlarges and pressure inside the udder increases. 

Udder pressure ii^uences rate of milk formation. ^ the udder fills 
Mth mUk and pressure increases, milk formauon dows. This explains why 
bigh-producing cows usuaUy give more milk if milked three times i«r day. 

Though pressure influences milk formation, n doesn t control ,t com- 
P'«ely. PreLre inside the udder is often greater than in the blo^ system 
^d absorption of milk consUtuents or precursors conunues. The exact 
■“cchanism of this phenomenon is not fully understood. 

Udder pressure may also explain why the last milk drmvn from a «w 
Often conLs a higher proportion of fat than the first miHc removed. The 
'arge fat particles me more likely to be retained in the indmdual secretoiy 

is p„ssute dscre^cs swi tho (SI eiobuiss kavc .he «lls 

and flow down through the duct system. 

Cows vary in the degree to which fat is held in the secretory cells, but 
tince the stXpings of some cows contain about 2.5 umes as much fat as 
the average of all the milk, it usually pays to milk cows out completely. 

Th»» • 1 rtf «;ecrction should probably include a bncf ^scussi'on 
ofttm^afTetd^v: of ndlk at milUng time, controlled by die nervous 
*>«cm. Let-down is apparendy mitiated by some sUmuli that the cow 
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associates with milking If a cow is handled quietly and accustomed to the 
milkmg routine, she may respond to any one of several normal stimuli — 
sound of radio music as she enters the milking parlor, the feel of a warm 
wash cloth on her udder, presence of feed in her box, or other routine 
factors Dairymen normally develop an habitual pattern m the imikmg 
process and cows become adjusted to it. Any change in this pattern, such 
as a different person doing the milking, failure to wash the udder, etc , 
may mterfere with the normal let down process The influence of hormones 
on milk let down is included in the next section 


30 3 Hormonal Control 

Development of the udder begins in Bie embiyo, as hormones of the 
produced and circulate through the embryo At 
™ ““‘i ““ally the udder « 

Zdv bar '>'«'> “d ">a<“nty die udder grows m sm:. 

Z duct sJ^m f of supporting ussue InsTde the udder 

development the estro’eans , ' promote udder growth and 

betwee^u pube^; a„d b1"r ■” 

secrete hormones which stimulating the pituitary to 

system and the alveoli ( 2 roun <5 «’“pJete development of the duct 
blood supply Vo Z udd=r'^ T^ e'”"‘°'^“'^ bymcrcasmg 

nutrients needed for tissue arowlh furmshcs more 

of ttehonnones Which aresUmulaungtVeCZl'’"”®' " 

Development of the ducts and alvanl. P , 

pregnancy The inilialron of null: setZn «>»'>nucs dunng the first part of 
IS apparently caused by some hnrm “ °£ pregnancy 

fluence is Dot fuUy combmation. but the endoerme m- 

produce more estrogen which m . around the developing fetus 

to produce lactogenic hormone in o stimulates the pituitary 

factors, however, seem to hold ih secretion Some factor or 

prior to calving, when the heifer ®t:togemc hormone m check uotd just 
The pituitaiy exerts a or ” begms to "make ban ” 

the lactogenic hormone. unZdi^r”? “““““O' gland, through 
^aiply. and seems to lakrZomv V “'"“S ptoducUon rises 

Some high producing cows Le n t “™'able nutrients (Hgure 30-4) 
requirements for milk production aS ? “ "“PP'^ 

uction and lose weight durmg the first part of 
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30-4. A typical lactation curve. Production 
after calving, then declines. Low-producing cows reach a peak 


'notation. As lactation proceeds, lactogenic hormone P/f^ence'^ormflk 
production declines, and the jt/dTnta^^^^ 

Pioductton. Production becomes more of a fu Insina weieht 

* ■«< .. « „ .-.4 4. -Sin'*" 

are many other influences of horm , , Thpre are other 
milk secretion which have not been discussed Thc« “-re ^ 
endocrine organs and tissues, other hormones, 

among endocrine tissues and hormones, as we . found 

'kaseand management practices. More complete discussions m y 

‘^herc (see footnote, page 431)- influence on milk let-down in 

Hormones may have a direct or indirect -nd accustomed to 

Waparation for milking. A cow that is quiet y m receives 

normal milking routine begins to let down her milk when 
Certain stimuli associated with milking. udder Rather, 

,,TT>e let-down process is not simply a ‘^“ete a horrue; 

e stimuli mentioned cause tlie pituitary g an down into the 

^docin, which forces milk from the alveoli and 

^er ducts and milk cisterns. Muscles ® ^ “ulml a,so con: 

orcing out the milk. Muscles along Uic sides of t ^ present 

shortening Ute ducU and widening the natural eonstnetion present 

fre each duct joins a larger duct. IS seconds to one minute. 

Peed of let-down normally vanes from ab rum,/ /uiRine is 
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mffied Slowlj'’ h“ “ 

o LT t S*''^ '“s total milk 

frightened o™ar=^Terate™ilS^ T*" 

adrenalin the fight or flee ’ hr. ® produce and secrete considerab 
nalm reaches thefdder almost iXma “rc“latory system Adn 

otherwise contract to cause milk ^ 

her milk * down relax, and the cow ‘ holds up 

30 4 Nutation and MJkComposiUon 

Under normal feedms anH 

carbohydrate, Protein, and P^'^rams the percentages o 

composition of the ration Re^t , Steady influenced by tbt 

the ration may cause a cham r macronulnents n 

'vill not alter comDo<;itinn *^cuon m volume of milk produced bu 

3 farf 


i<iuun may cause a , j macronulnents 

Will not alter composition I" volume of milk produced t 

supplied as caibohydrates m^mms^and energy (mosi 

nmtmg factor in mdk production ^ toughages) is the most comwi 

m milk can be ‘''= *"«< of fat presi 

"^on High levels of e^neJ^^tlv P««nt ” t 

ft® shghtlv snfi'e"” tauoD, for ckamplc, m 
0 ydratc structure are not as com mfiueaces on protein a 

precursors of these milk comnon^””’ “PP^t'n'fy because of the w 
S, secretory tissue PonenU are metabolized m the body at 

the method of feedmo 

I'n of the ration may i 

ground or butterfat percent ““s® n tempera 

Mctabo’lm'^ Ssound and pelleted the h ^ entire ration is fine 
•hat the ’’''se effects are Peroentage may be loi 

acids DroHir*?”*'^* of ihc feed n°* understood It may I 
turn, influe^ “'bohydratc digcsti “““s the proportions of fan 

nssJe “U'uees “'“'““on or prod„S of”, ’ 

Milk er,rr, secretox 

30-5) Thfh normally chantry 

volume of mdk’o”d“‘' P'seenages'^ Progresses (Hgm 

of la-fa» content of th ^ negatively correlated witi 

™>utn= pro‘H?°“- '“"eases die lane 

There is hid ^“sons for these cha positively associated will 

(-“hut rSs^“ioT““ ^•'P“'“'- 

the mUlc. The "“fr) appreciablv ,ln ' ““erals in a cows ratio! 
qnantiues m calcmm mineral content oi 
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calcium Or phosnimr, ration h 

P rus, the cows blood levels v-iH 



protein content per Cfc . r»i 
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decline and s*"' *>'* considerable of these minerals stored m her shcle- 
lon before ffldk production declines 

•This docs not suggest, of course, that dairymen needn t be concerned 
with the mineral level of a cows ration Any decrease in milk producuon 
« cosdy reiuoved from the skeleton for milk production must be 

replaced. And minerals perform other important funcuons m digestion and 

mctabohsin 

n el '"‘“r r according to 

2e Zn A D E TnH essentials for 

portions the; ar; pmsent mXfeeTto"Jhrc^e‘ of” t“'"‘'1l”‘ 

“ m t 

produced in tissues and the^B t”* °°* dietary essentials — vitamin C 

notdepend, of course, on the ra““r^^^^ ■" nimen-does 

days after caivm& rt^KtSSaut 

A and C Tljis is not i ^ fat, minerals, and vjtamms 

levels of certain of these nulne i “ di' 'enon but adequate 

cnueal nuuS help youTget^ff ml ''■S^ 

protem m colostrum is m the rf™ r‘ ‘dm Some of the ejtra 

funcuon as a nonspecific disease lien! Knnuna globulin, which seems to 
more resistant to diseases and inf " makes the newborn animal 

spealic antibodies which further also contains certain 

I^nt research has indicated that sr^ fi ' ““ c‘"® 
m the cow and secreted m milk bv “"'‘bodies might be produced 

dueme orsnmms The theorv is to certain human 

painless way of causing immiinily to 
fawn If this teehmque wiU proie fnS, 'ffeef 
With the use of numerous nonnutneit r*^ " Praalical- 

duoion, there is some concern over the “ddiuves in hvestock pto- 

!^ough the body and, perhaps, through °f “""b compounds 

P-n. sale of milk eoaUmuig I" 

30 J Haiors and Odors 

bneaJTn f Savor of foods 

J.or might csist without distaste 26 3) Vanation m 

«i^a people prefer ddrerent So ° 'be consumer Also, 

ft « presumed mat of^e Savor than others 

"al-re, or else they are fat ^ “alains are cither Iipid m 

at solubl^-camed m the fat portion of Ihe milk- 
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Whole milk has more flavor than skim milk. Butter is used by many good 
cooks to enhance the flavor of cooked vegetables. 

Most off-flavors in milk, which are due to ingested or inhaled materials 
are probably volatile fatty acids that become a part of the milk fat. Flavors' 
that result from processing milk would not necessarily be due to the fat 
Overheating of protein or carbohydrate, or other factors, may contribute 
to an off-flavor. Oxidized flavor, however, which results when milk is 
exposed too long to the sun and/or air, is probably mostly due to oxida- 
tion of short-chained fatty acids. 

Long lists of feeds which will alter the flavor and odor of milk have 
been compiled. Most such feeds are not available to dairy herds, especially 
^ more cows graze nonpermanent pastures or are fed in confinement. 
There are, however, certain common feeds used in these current manage- 
ment systems that can impart distinct flavors to milk. 

E^ly in the spring when many cows are turned out on lush, rapidly 
growing pasture, milk sometimes has a “grassy” flavor. This flavor “dis- 
appears” after a few weeks, as the grasses mature. The cow may also 
develop the ability to degrade certain of these flavors before they reach the 
milk, and it may be that consumers gradually become accustomed to the 
flavor. This grassy flavor is of less significance as a larger percentage of 
herds in each milkshed (area supplying a particular market) are fed in 
confinement. 

Rape, a member of the cabbage family, or wild om'ons, will impart a 
distinct flavor in milk. Sweet clover and rye also sometimes produce a 
Characteristic milk flavor. Bromegrass, which has become very popular as 
a forage for dairy cattle, influences the flavor of milk in certain seasons. 

Flavors in milk that are due to feed are most evident if the cow grazed 
or consumed the feed one or two hours prior to milking. Some flavors 
fcach the mammary gland in a few minutes, but the greatest concentration 
IS reached after an hour or two elapses. After this, the concentration of 
he flavor in milk decreases as it diffuses back into the blood for detoxifica- 
hen and elimination or is degraded by mammary tissue. It is therefore 
Worthwhile to feed cows immediately after milking, if the feeds are sus- 
pected of potentially influencing milk flavor, and to bring cows in from 
ccrly spring pastures two or three hours before milking. 

^ere is apparently a significant difference among cows in their tend- 
ency to impart feed flavors to milk or, conversely, to degrade volatile 
nvor compounds before they reach the mammary system. It is con- 
ceivable, therefore, that selection for absence of feed flavors might be 

accomplished. 

Feed and other flavors might reach the milk by other routes than the 
Scsiive tract Since most noticeable flavors are highly volatile, they can 
inhaled and reach the circulatory system via the lungs. This empha- 
‘ecs the importance of bam ventilation. 
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Certain processing techniques are rather effective m removing the 
volatile flavors in milk Most, as would be expected, involve the pnnciples 
of heating and/or subjecting the milk to a vacuum Both conditions make 
evaporation easier, so the volatile compounds are caused to escape as gas 
into the atmosphere ^ ® 

30.6 Milk Appearance 

assI^«jrwrth‘br!.MV‘“"““ « Ihs color vanation 

mr“edris atnr 

by carotene, which is a precursor of ^amm l a^ rer'rif 
contained in grass, hay, silage yellow coT T a * 

Holsteins, Ayrshires. L Brow^SmssT’, “m’" 

mg carotene to colorless vitamin A nnm^ 7^ 

intestine and in the liver so their m’lu ^ small 

and Jerseys, however dn nnt ** yellow Most Guernseys 

yellow pigment passes directirriieTd\“'J^l're 

vitamin A potency of the m.ii- t i. There is little difference m 

human who consumes the milk 

carotene to vitamin A the lob k doesn’t convert 

Wjen grass is lush and the pigment conien? “tly 5P™g. 

The effect is striking m breedf^h.ch^ ‘ yellower 

but also nouceable in other breeds her? m carotene conversion, 

pigments As the season progresses convert all yellow 

yellow longer, probably becausrLv 

Stored in body fat Green chloropM P‘S“““ 

butm°"“ 5’cllow pigmenB “ “dicator 

but me content of each is high ,n ea?m . dte yedo"- 

"it OT " ®“"™cr ^ PC"°ds of rapid growth, 

7 feeds, the mdk sorghum, and soy- 

color supplied in pure form ^ ^™°st pure white Vita- 

wouIrTh ^ ^ ration js not rrrv?* cot contnbute to the 

"CCW be unpalatable and poorlv T '“?’‘"="dcd because the roughage 

mpt? TiSLfSle r 

P gmentation is automatically 

30-7 Udder In, 

Incidence of udder 

Ims'otTo? “creuoa It wat “^'“'’y associated with 

maininE causes some increase m°*^ ^ mentioned that permanent 

quarmrs, but ftat tomi prodncuv.ty of die re- 

Production IS sun somewhat reriuced 
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This development of remaining quarters takes considerabie time and is 
of no significance when one teat or quarter is temporarily infected or 
injured. 

Tendency toward injuries may be inherited to a degree since injuries 
are highiy associated with cioseness of the teats and udder to the ground. 
If the udder attachment is poor, the teats might aimost drag. They can be 
cut by weeds and brush in pastures, catch spiinters on door silis, or even 
be stepped on. If the middle suspensory ligament is weak and the middle 
of the udder drops so the teats point out, they might be kicked and 
bruised as the cow walks. 

Tendency toward udder infections might also be inherited and associ- 
ated with conformation or structure of the udder. Teats that are con- 
tinually dirty have a better chance of becoming infected. Dirt and injury 
multiply the chances. The heritability of mastitis resistance is about .25 
(Table 15-1, page 211). Further evidence that susceptibility to mastitis 
infection is partly inherited is the repeatability value of .35 to .40, given 
in Table 29-3. The same cows tend to have mastitis in successive seasons, 
though environment varies considerably from season to season. 

Infection of or injury to the udder of a young heifer may limit her milk 
production as a cow. If scar tissue develops in place of some of the 
secretory tissue, less milk can be produced and less milk can be stored in 
the udder between milkings. Overfeeding of heifers during growth may 
decrease the milk producing capacity of the udder by causing deposition of 
nonsecretory tissue. 

Infectious can be spread easily among cows in a milking herd. Increases 
in herd size and confinement feeding connibute to spreading of disease 
Unless sanitation is rigid. Most infections are still spread, however, during 
the milking process by the machine or the man. Here the importance of 
high quality labor becomes evident. Teats should be checked for injuries 
and treated. Each quarter should be routinely checked for mastitis by 
“se of a strip cup. The first milk from an infected udder is usually thick 
and clotted, so catches on the screen of a strip cup (see Figure 31-3, page 
“*48). All equipment should be thoroughly cleaned before the next cow is 

milked. 

Drugs that are used for treating udder infections and injuries should 
he used wisely. Obviously milk from infected quarters is not included in 
market milk. Also, if the quarter is ucated by some medicant, milk from 
•hat quarter should not be sold as long as a residue of the medicant is 
present in the milk. If treatment is by injection, all quarters are affected. 



446 


MILK HANDLING AND MARKETING 


Sanitation is the pnmary consideration in milking facilities because 
selling milk depends on meeting sanitation requirements Most Jaws which 
govern milking and milk handling equipment and procedures are city 
ordinances There is, therefore, much variation in sanitation rules and 
regulations 


This may seem unusual, compared to the Federal Meat Inspection 
Division which checks meat processing facilities and procedures in most 
I^ge plants The reason for the difference is probably histone and in- 
fluenced by the nature of the product and marketing patterns Packing 
centers developed m large cities Meat was packed m barrels, or refnger- 
ated m later years, and shipped across state lines This gave the federal 
authority and responsibility to specify processing procedures 
Most nulk, however, was botUed and 
emt v'rew cUy ordinances developed As 

r:;;"rernts" Lu!.;'' ““ 

and^creenerwmdcws. 

for cleaning, (8) that water used provided 

bun bacteria count and f9t cleaning equipment be below a cer- 

loaded and wh?n U riels IT', "’Z of «>= unlk when 

producing clean, wholesome mdk7th a ^l^oifications are aimed at 
In some parts of the United sles milk 7 h""? 
vanous grade specificanons Grade A ™ lu P™‘f‘‘ocd and marketed under 
samtation rules Rules for producine , Produced under more rigid 

rigid and the milk can have a h,J u “"“'’'=“"8 G«dc B milk are less 
plant Most Grade B milk is desi, h r 'f «oohes the 

similar products There « a w,h ™‘”“fanunng of dried milk and 
(Figure 31-2) O' Pooc diSerenlial between the grades 

Grade specifications for market ™ 11, 

as most commercial dairymen are erl *ooch less signtlicance now, 
acrordmg to scry ngid (Grade At ,^“''’1®'* fo Produce and handle mrlk 
-111 accept only Grade A mrlk ““I 

ducuon coupled wuh relatrvely w '"'’o-' “Sts rn mrlk pro- 

^ ‘S L r* ““"o-n-oally unpraclrcal 

C milk Will be used for (see system accord- 



MANUFACTURING AND FLUID MILK 
PRICE CLOSELY PARALLEL 


Fl^re 31-2. There is a wide 
price differential between 
milk purchased for fluid use 
and that purchased for man- 
ufacturing, even though it 
may be the same quality. 
(National Milk Producers 
Federation) 


31,2 Use of Machines 

Hand milking on commercial dairy farms is history, except for special 
rases. Many different kinds of machines are used, varying in type, cost, 
and effectiveness. In most milking parlors and in some stanchion barns 
only the teat cup assembly is carried from cow to cow. Permanent pipe 
installations supply vacuum and carry the milk to the cooler and storage. 
Otherwise, the milker pail may be suspended under the cow by a strap, 
or set on the floor between cows or in the alleytvay. 

A good milking machine must (1) be easily cleaned — smooth finish 
nnd construction, rust-proof, etc., (2) provide uniform vacuum, (3) not 
creep up on the teats, and (4) provide some massaging of the teat between 
pulis” so blood doesn’t accumulate in the teat. 

The first step in the milking procedure is to wash the udder. This 
Usually provides the stimuli needed to cause let-down of milk. A few 
squirts of milk are then drawn from each teat into a strip cup (Figure 
^1-3). This may further encourage the let-down reaction, but is done 
primarily to check for infected quarters. Also, the first portion of milk is 
Usually higher in bacteria count, having been held near the streak canal. 

Clean teat cups are then attached to the udder. It is important that the 
raw milk out quickly for maximum milk yield. Let-down involves muscle 
•onus and the muscles tend to lose their tonus after a few minutes. As 
as the cow is milked out, the teat cups arc removed. In some cases 
d is vvorthwhile to pull down on the teat cups or massage Uic udder a bit 
ucar the end of milking to be sure Ihc last of die milk (often higher in fat 
l>crceniage) is removed. 

The milking process becomes habiluaL Both the dairyman and die 
raws become accustomed to a standard routine. A dairyman who works 
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‘'“dl.ng and distiibutmg milk, 

ss “?"4rr’ar'"^‘" -^re^Tp:n:„vrSg;t 

processed, and distributed to consum^r«*^ equipment It must be cooled, 
vnlved pm„»mg occurs as “„mr Where m- 

more time elapses but the oroceKmn ' '™. 't! cheese, or butter, 

fore quabty of the milk is impaired * ^ initiated and completed be- 

31.1 Milking Faedities 

ciemuseof“ataV(3)Te'S„'?l'f''°'* "^iiirenicnu, (2) make effi- 
cows comfortable and sheltered economical, and (5) keep the 

cussion of milking facilities on **' 

siderauon of housing for the herd automatically includes con- 

dai^ herds arc (1) permanent sia^l foe handling 

partor (Figure 3 1-l ) , wni, ..i„o ., f"' “h “ws and (2) a milking 

The effectiveness and sueee“ of “ 

art “'’‘‘iiy of the dairvm^o^"'™ primarily on 

advantages Certam compansont anddis- 

rusSr°“®‘='“‘=>'“'fceduLitro rr ■» 

s usuaffy required with hoSiw ^ ““ah bedding 

houlv “.'“"‘‘“y '“a labor “mLn '‘“P 'he cows dry and 

labor cl^ ^ niilking parlor Feedine ^ '^'J^'^ed, however, with loose 

to mnhn?'”" ha accomplSS tr, 

at one tone ““he more efficient aquipmcnt, and 

Udder " a ‘ ““arent-one man can milk more cows 

rvith loose housing ConstrichorSsto ‘niunes, are greatly reduced 

much less and the loose housing 
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Walk-through Herringbone 



Figure 31-1, The most common types of milking parlor arrangement. (Barn Equip- 
ment Association) 


system is more flexible. If the herd is increased, only the cheaper shelter 
need be expanded; the parlor can be used more hours. If the herd is de- 
creased in size, the shelter can be used for other purposes. 

Table 31-1 presents estimated relative cost and efficiency figures for 
different types of milking parlor systems. Not all types are included and 
die figures cannot necessarily be applied to all situations. 

It is recognized that many farms now have well-built barns with many 
stanchions. To convert to loose housing costs money and involves a change 
the dairyman’s habits and routine. Such changes might be practical, 
however, primarily because of lowered labor needs. Changes to loose 
housing and milking parlors may become more practical as pressure is 
exerted to expand herd size. 


Table 31-1. Investment and Labor Required in Milking-Parlor Systems* 




Investment 



_ Tyi>o 

Building 

Equipment^ 

Total 

labor per cow 

F^r-cow slanchlon 
‘"rcc-cow side entry 

. — I'e-coAT herringbone 

$2,273 

3,57C 

5,972 

5,445 

$1.43$ 

2,275 

3,422 

5,122 

$ 3,709 
5,851 
9,394 
10,567 

3.16 

2.61 

1.71 

1.09 


Barker a/., /owa Fartn Sci. 14 JI8, 1953. 
not includaJ. 




figure 31*3 Dn>»>ng the 
fim squirts of milk into a 
strip cup (DeLaval Separa 
tor Company) 



quicUy and swiftly, making 
use of his labor 


every motion 


count, can make very efficient 


31 3 Cooling 

multiplication of ^ctcriaTnd^so**"™ I” ^5" F, to prevent rapid 
coolers are made of stainless steel '”li, handling of milk, most 

will not rust In I960 about fiv coolers are easily cleaned and 

order matkeu was cooled in bulk supplied to federal 

* uu‘K tanks (Figure 31 4 ) 
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Milk piped from the milking parlor is sometimes routed over refriger- 
ation coils which lower the milk temperature almost instantaneously Such 
equipment is not allowed m some market areas because of difficulty m 
keeping the coils clean 

Where cans may still be used for storing and hauling milk, the full cans 
are usually cooled in a water-filled, metal, refrigerated cooler Smce the 
cans are immersed m water at about 32° F , coolmg is very rapid and 
effective 

31,4 Care of Equipment 

Samtation is emphasized again, bactena multiply rapidly m equipment 
that IS not clean All equipment must be designed and installed with ease 
and effectiveness of cleaning m mind If pipes in pipeline systems are to 
be cleaned “m place,” all junctions must be perfectly smooth so milk 
residue cannot accumulate m cracks and joints Otherwise all pipes should 
be disassembled for cleaning 

The water supply for cleamng and nnsing should be checked More 
than once a high bacteria count m milk has been traced to a contammated 
source of rinse water 

The first step in cleamng dairy equipment is usually flushing with cold 
water This must be done immediately after the equipment is used or, m 
the case of the bulk tank, emptied Cold water is more effective than hot 
water, hot water tends to solidify milk particles and they settle out or stick 
Detergents are then used for cleaning They lower the surface tension 
markedly so are very effective Equipment is then rmsed, usually with very 
hot water, to remove traces of the detergent 
On many dairy farms the teat cups arc rmsed m cold water, detergent, 
mid hot water between cows This is worthwhile to help prevent spread of 
disease 

31.5 Marketing Milk 

Most dairy farmers sell their milk by one of three major routes, through 
coojicrative marketing associations, direct to processor, or direct to con- 
sumer In the latter case the producer also docs the necessary processing 
und sells through roadside stands, by farm pickup, or local delivery routes 
DUicr methods of marketing involve only a small proportion of the milk 
Most of the separated cream that is sold by dairymen goes directly to 
u processor Much less separated cream is sold now dian formerly and 
most milk produced on farms is sold as whole milk (Figure 31-5) 
Cooperative milk markeung associations handle most of the milk Such 
msociations have existed for half a century m certain areas They up- 
Parcnily provide the producers more bargaining jxittcr, since an assoct- 
ution mi^t control most of the imlk produced in tlic area The associauon 
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Sold to plants and dealers: 

As whole milk 
At larm<teparated cream 


P.'.' I Retoiled by farmers 

Fed or consumed on farms 


uuD sciimg cream and feeding the skim milL (AMS, USDA) 

P^P'P to <i 90 ) with prospective purchasers 
“"d to"itotion proWcms. 

souToStrL" «>"tomption is less sea- 

S milk produeUou not all milk can be used for 

oufratTvis n, ’ toanufaeturing. Without eo- 

would buy P “'‘^’’“9 ^tom some producers, or 

Sril Wm P">d““« ot a much lotser prije, for menu- 

as manufacturing nSlk b ocak s'^PPly can be classed 

some milk at a lower price.^ ^ Producer therefore sells 

laUon centcrs.'^Thly^wTtamd of^^^^ developed around large popu- 
ofBce. Some ooeraie a directors, officers, and a central 

to processors. Others route hi™ where milk is collected, then sent 

Presently much milk marketi^"^ *™cks directly to processors, 
keting orders.^^ These orders carried on under “federal milk mar- 
efforts in milk marketing Tt, ^ evolution of previous cooperative 
promote and nSnmSy' h' “ ^ 

ers and to assure consumers condiuons for dairy farm- 

^ Provision for such orders waT^H 'vholcsome 

Agreement Act of 1937 made by the Agricultural Marketing 


AMS, USDA, Agrtcullural Situation. 43: 1 1; 10, Nov, 1 
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Dally Fluid Milk Sales Average 
About the Same Throughout 
the Year — Production 
Has a Wide Seasonal 
Swing 


Average Daily 
Production 


Average Doily 
Fluid Sales 



Rsure 31-(i Seasonality in milk producUon. With confinement feeding of good for- 
age and year-round calving the production of milk is levelling out. (National Milk 
Producers Federation) 


The orders are issued by the Secretary of Agriculture at tlic request of 
producers (usually through a cooperative association) and with tlte ap- 
proval of two thirds of those farmers who supply a market with milk. 

Eaeh order may be diilerent, but all eonuin a provision for establishing 
minimum prices that processors must pay producers for milk of each use 
classification. Second, all milk is pooled so that farmers share equitably 
in the higher price received for milk that is used in fluid form as well as 
the lower prices received for manufacturing milk. 

Processors or handlers of milk must pay the minimum prices, calculated 
from provisions of the order, for each use classification, make accurate 
wciglils and tests, and account for the vvay the milk is used. The order 
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does not control how much the processor can buy, from whom, or at what 
prices he may sell Farmers may produce and sell any amount of rmlk 
they wish under a federal order and may sell to anyone they wish, inde- 
pendently or through a cooperative 

In September 1960, federal milk marketing orders were operating in 
80 fluid milk marketing areas, m which o\cr 78 million consumers reside 
(Figure 31-7) About 2200 processors handle the milk in these markets 
^Vhere milk is classified according to use and for pricing purposes, the 
class designations may differ among areas, such as 

Noriheastern US Parts of the Midwest 

Class I — Fluid Milk Class I — Fluid milk and cream 

Class II — Cream Class II — Manufacturing milk 

Class III — Evaporated Mtlk 
Class IV — Butter and Cheese 

Smee rmlk production is higher m the spring, a larger percentage of 
milk IS diverted to manufacturing, and so is classed accordingly Sec 
Figure 31-6 for a yearly average of how milk is used 
Changes m the dairy processing industry have influenced the marketing 
of farm produced milk There arc fewer processing plants and those 
which exist handle more of the product (Sccuon 2 8) This ccntrahzauon 
of processmg rncans there is no fluid milk or cream plant m many smaU 
towns, as there formerly was 


31.6 Milk Pricing 

^ producers arc usually quoted on a hundredweight 
bv a processor pays may be determined 

a producer ^ bargaining between the processor and 

would be paid blend’ price in federal order markets) 

higher percentaec of «nl «>">posilioii Milk containing a 

cvS. “^nV: tw 

pnee ** percentage of solids would bnng a lower 

centage of toM ™kds*'m''a baSf of°^' tohniquc for esUmatmg the per- 
of fat Withm the ranee that ^ ^ ^ determine the percentage 

0 1 per cent fa?: “fciSe ' 

in non fat solids ’ average, with a 0 04 per cent increase 

markets The value P““"8 techniques employed in many nulk 

value, to the processor, of each 0 14 pound of total solids 
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Figure 31*7. Markets operatinR under federal milk marketinp ordprs 
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Duller 

Nonfat powder 

Price per lb finished product 

65 Of 

16 Of 

Less manufacturing costs* 

- 3 5 

- 4.0 

Net value per lb finished product 

61 if 

12 Of 

Multiply by lbs of product produced from 

X 121 lb 

X 041 lb 

0 14 lbs solids 



Value to processor 

7 422( 

0 491f 

Differential (value of 0 14 lbs solids) 


7 9f 

> MutulacbtrtDg costs do not Include rec«lvl(i2 pasttAirUlng aui other costs assoclaluJ 
with volume ralher than with percentage of solids 


Figure 31 8 An example of calculauon* used to amve at a “diflcrenual " (Adapted 
from Wuconstn Agr Exp Sen Ctrc 449) 


(0 10 pound of fat and 0 04 pound of non fat solids) ts established This 
value IS calculated and is based on current price of butter and non fat 
imlk powder, manufacturing costs of these two products, and the fact 
that 0 10 pound of fat will yield 0 121 pounds of butter and 0 04 pounds 
of Mn fat solids will yield 0 041 pounds of non fat powder (Figure 31-8) 
The differential is added to the previously mentioned blend ’ pnee 
r/n'? “ I'*' specified fet conlent. 

MOtent ^ ° specified te‘ 

imlk *erc established at S3 75 per cwt for 

S SJg J, """"S ’ fi PH^ “at would be worth 

would hTwoTh « + 0« = S3 829) Millt tesUug 3 4 per eeut 

calculaune a diff ^ ** ^ emphasized that this method of 

It s .r" -d non jo, rufcdr .n nulk 

m run fat ‘ “ nut dways assoetafad with 0 04 per Tut .nerease 

scnrd“L^^":-„;:.,tr;‘ ^ 

tcchmque's'*formcasurm"/„™*f development or refinement of 

on specific eravitv fde ^ r * solids Most present methods are based 

cause ^ 

accurate measurement conditions required for 

percentages of both fat anU ^mc instrument which determines the 
through imlk af^rfa n l "™ velocity of sound 

certain temperatures has been developed, v and may be 

Is' So^ dSSiS S ? J^nsuee-Lopez, -Aa uilrasomc Melbod 

Uie Melhod.” Piestotoi at 56 th m Fluid Milt. It An Evaluauon of 

June 13 1961 «“>■»' meelmg of u.a Am Dairy Science Asm. 
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refined for routine use at plants that handle considerable amounts of milk. 

31.7 Consumption Trends 

Trends in per capita consumption of dairy 
Table 31-2. Major cLnges are tlie decrease in f j”ke 

marked increases in per capita ice cream and cheese consumption. Intake 
of fluid milk per person has remained rather constant. 


. 31-2. Per Capita Consumption of Dairy Products. Pounds 


Total mdk fat solids 
Total nonfat milk solids 
Cheese 

Condensed and evaporated milk 
Fluid milk and cream 
Ice cream 
Butter 


Average 

1935-39 


31.7 

39.6 

5.6 

16.8 

330.0 

9.9 

17.0 


Average 

1947-49 


29.6 
46.2 

7.0 

20.1 

359.0 

18.7 

10.6 


•AMS, usdA, National Food Situation, February 1962 


1959 


25.0 

44.1 

8.1 

14.3 

330.0 

18.7 

7.9 


1961 


24.0 

43.0 
8.5 

13.3 

314.0 

18.1 
7.4 


^onmmDtion of loial milk fal solids, shown 
The dechne m per ^ butter consumption. In other 

m Table 31-2, is less than butterfat, other than that in butter, 

words, there was margarine during the last decade as a spread 

The mcreased acceptance maior reason for decreased butter con- 

and tor cooking is no jale of colored margarine; formerly 

sumption. Now nearly a ^ industry. The price differential 

many prohibited it to protec i 3 

more incentive for 

between butter and Though the price difference is 

low income families “nrestige” difference between the products, 

greater, there is apparen y encourage pricing of fluid milk on a total 
The decrease in butter use may encouta^ p ^ 

solids basis. ^ non-fat milk solids has increased steadily in 

Though consumption exceeds demand for human use. Therefore, 

recent years, livestock feeds, exports, and other uses (Figure 

considerable is diverted to livesiow , > k t> 

- 11 , .„irl bv farmers in I960,’ about 47 per cent went for fluid 
use 26;eTcem’was^s=d for butter, 12 per cent for cheese, and 8 per 

OAe/mmds'a^uvident in use of dairy products. Some people consume 
TS;!?, USDA. -'ll-’ SiluMicn," April 1961. 
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ngure 31-9. Pr<^uction and Uic of non-fat milk tobdi lince 1940. Producuoo coa- 
tinucs to MMed human consumption. fAMS, USDA) 


mors skiin inilk and less whole milk. ErophasU on low calorie diets to 
“I ”'7' “ => •<> keep a trim 

.h, 1 '=>• i" Ihe diet Skim milk 

vimmtas A aTn"’ B vitamins of milk. Because 

ad“S in^uriffed t„ m".S°' vitamins axe usually 

added m purified form. Some dairies merchandise sixjcia! low-fat mUk 
usually containing about one per cent fat an, I rn„^ , low tat mux, 

consumers prefer thU type orpr^uc, u, ^ wxth vitamins. Some 

Bavor contributed by the fat or rerhan. h ” T'”'’ P'raps due to the 
skim milk. '"''“P' Bre low prestige raring of 

There is also some trend toward low-fat fm, t ■ a -n. 
popularity of roadside drive-in stands feami^l Bony products The 
products testifies to this. Such produpi. 

half gallon containers in super mmketsfo h° “ “ “vailable in quart and 
Technological developmVnts imd ™ 
expand the use of cheese. A wide v*^ ' merchandising have helped 

packages—in self-service disolav cheeses arc available in small 

(Figure 31-10), and promoted featured for ChrUtmas gifts 

foods. Cheeses arc used more for “* ‘P'^ads, salads, and cooked 
now feels he can afford, ihan to ’*hich the American consumer 

lute. Recognize, however that rh ^ °®eded protein as a meat substi- 
high quality protein. ’ ^ highly nutriUous food, rich in 

Considerable dry non-fat or h 

foods, such as pancake, muffin'll/ manufactured 
■ “kc mires, eereaU, cookies, crackers. 
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It sponsors newspaper, magazine, radio, and television advertising The 
association has cooperated with producers and processors of other foods 
for promotional purposes Full color ads featuring cottage cheese and 
peach salads, milk and cookies, or other combinations ha\c been widely 
and effectively used The American Dairy Association parallels the Na- 
tional Livestock and Meat Board and the American Meat Institute in its 
functions and financing 

In most states m which dairy production and processing arc significant 
industries, state dairy associations promote dairy products in cooperation 
with the American Dairy Association and other groups Funds may be 
obtained by donations, voluntary deductions from milk or cream checks, 
or a tax allowed by the state legislature and voted by a majority of the 
dairy producers 

In some cases county or district dairy associations promote dairy prod- 
ucts at a local level One county association promises a five dollar prize 
to the waitress who suggests milk to a “mystery diner " Members visit 
restaurant operators, encouraging them to include milk in the price of 
their meals, serve only butter for spread, use butter in cooking, and so forth 

‘f’ ^ 2 iry product promo- 
‘Golden Guernsey end “All-Jersey are cLmon 
Se hnek, m.lk and 

work A«oc,at,on employees 

Some dairiM han!n display and merchandising suggestions 

mo non o,h„ ato "> "“Remark pro- 

Zgrams at enr - ^ ^ '>™ promotional 

programs and cooperate with other groups i„ promoting da.^ products 

31.9 Dairy By-Products 
tcrmilk^are Sed^'a^hvestock" feed^*'' H 

composition of these feeds ngredicnts See Table 6-4 for nutrient 

protein and highly dl^Kt,ble'''Thc ■’'’"Oi'a'i. is very high in 

levels of critical amino acids so dncTT “ '‘“‘‘■‘’I'' containing high 

non ruminants— pigs chickens n a milk is valuable in feeds for 

composition and value ' " calves Dried buttermilk is similar in 

but the protem'’ is high°quaUt^'V^ev P™*'”’ 
and especially high m B vitam digestible carbohydrate 

caused by microorganisms Thd* ^”^656 is produced by fermentation 
of B vitamins, some of which produce high quantities 

end up m the cheese, but the whey also has 
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a high concentration. Certain kinds of whey are also credited with having 
certain “unidentified growth factors” for livestock or poultry. 

Other miscellaneous dairy by-products such as cheese rinds, outdated 
fluid milk, and liquid whey also are used for livestock feeding. The use 
of dairy by-products in human foods was discussed briefly in Section 31. . 
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. . for Alaska and Hawaii. Statistical data 

(Appendix tables do not availabie from the USD A.) 

for these states are not yet gen y 
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Table I, Rank of States In Number of Cattle and Calves on Farms, January 1, 1962' 
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Number of pigs saved* 
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Tabl« i. Salable Receipts of Livestock nl Public Markets, m Order of Volume, 1961* 
tUased oi reports submitted by stockyard companies) 



Sheep and lambs 
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Table 4. Commercial Livcstoclc Slaughter and Average Slaughter Weighli, by Monlhi, 
1961* 
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Broilers produced 
Rank State Number 

(thousands) 


Tur keys produced 

State Number 

(thousands) 


Chickens on farms* 
State Number 

(thousands 


1 Georgia 

2 Arkansas 

3 Alabama 

4 North Carolina 

5 Mississippi 

6 Texas 

7 Maryland 
6 Delaware 
9 California 

10 Maine 

11 Virginia 

12 Missouri 

13 Pennsylvania 

14 Indiana 

15 Tennessee 

16 Louisiana 

17 West Virginia 

18 Wisconsin 

19 South Carolina 

20 Connecticut 

21 Kentucky 

22 Washington 

23 Ohio 

24 Florida 

25 Oregon 

26 Minnesota 

27 New York 

28 Massachusetts 

29 Oklahoma 

30 New Hampshire 

31 minols 

32 New Jersey 

33 Idaho 

34 Michigan 

35 Iowa 

36 Utah 

37 Nebraska 

38 Kansas 

39 Rhode Island 

40 Colorado 

41 Vermont 

42 Arizona 

43 Montana 

44 Nevada 

45 New Mexico 

46 North Dakota 

47 South DakoU 

48 Wyoming 
Total 


348.200 
229,104 
198,146 

183.200 
135,683 
123,043 
107,953 

90,430 

63,091 

58.480 

52,331 

42,600 

38.849 
38,472 
33,007 
24,959 
23,126 
20,459 
20,100 
19,966 

16.850 
15,970 
13,456 
12,222 
11,619 
11,583 

8,469 

8,075 

7.047 

5,560 

5,144 

4,700 

4,312 

3,100 

2,880 

2,104 

1,892 

1,702 

1,472 

828 

583 

499 



•SRS. USDA. crop "'‘""“uJI'r^rrr. 
'bDca Boi tsclude cvmmerc 


Minnesota 

18,576 

California 

17,703 

Iowa 

9,823 

Wisconsin 

6,212 

Missouri 

5,690 

Virginia 

5,336 

Texas 

4,784 

Indiana 

4,078 

Utah 

3.834 

Ohio 

3,621 

Arkansas 

3,178 

North Carolina 

2,765 

Colorado 

1,996 

Oregon 

1,789 

Oklahoma 

1,654 

Pennsylvania 

1,651 

Nebraska 

1,475 

Michigan 

1,409 

Illinois 

1,343 

North Dakota 

1,229 

Kansas 

1,180 

South Dakota 

1,062 

West Virginia 

945 

South Carolina 

904 

New York 

772 

Kentucky 

761 

Georgia 

669 

Massachusetts 

506 

Washington 

487 

Alabama 

32B 

Connecticut 

277 

Idaho 

259 

Florida 

248 

Delaware 

246 

New Jersey 

180 

Maryland 

178 

Mississippi 

149 

Tennessee 

138 

Arizona 

107 

New Hampshire 

88 

tXHilslana 

62 

Maine 

58 

New Mexico 

38 

Vermont 

38 

Rhode Island 

25 

Montana 

16 

Wyoming 

11 

Nevada 

1 


107,879 


California 

40,697 

Iowa 

24,331 

Pennsylvania 

19,133 

Minnesota 

17,957 

Texas 

15,874 

Georgia 

15,330 

North Carolina 

14.426 

Indiana 

13,856 

Ohio 

13,147 

Illinois 

11,442 

Missouri 

11,013 

New Jersey 

10,925 

Wisconsin 

10,211 

New York 

9,894 

Nebraska 

9,708 

Alabama 

9,516 

Mississippi 

8,981 

South Dakota 

8,584 

Arkansas 

8,046 

Michigan 

7,196 

Florida 

7,078 

Kansas 

6,951 

Virginia 

6,755 

Tennessee 

6,462 

Kentucky 

6,022 

South Carolina 

5,779 

Washington 

5,700 

Maine 

4,627 

Louisiana 

3,701 

Connecticut 

3,622 

Oklahoma 

3,481 

Massachusetts 

3,152 

Oregon 

3,108 

North Dakota 

2,595 

West Virginia 

2,082 

New Hampshire 

1,930 

Maryland 

1,770 

1,696 

Colorado 

UUh 

1.678 

Idaho 

1,414 

Montana 

1,163 

Arizona 

1,031 

New Mexico 

942 

Delaware 

853 

Vermont 

803 

Rhode Island 

391 

Wyoming 

336 

Nevada 

82 

357,910 


r c,^ie< in Broilers and Turkeys Produced in 1961, and Chickens 
Table 5 . Rank of broilers), January 1, 1962* 

on Farms tc*'* 
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Ohio 

Ind 

ni 

Mich 

Wls 

EN Cent 
Minn 
Iowa 
Mo 


Number of 
sheep shorn* 

1949-58, 1981, 

1,000 1,000 

head head 


N Dak 

448 

S Dak 

935 

Nebr 

471 

Kans 

461 

WN Cent 

4,801 

N Cent 

7,350 

Ky 

574 

Tenn 

254 

Ala 

44 

Miss 

71 

Ark 

44 

U 

92 

Okla 

150 

Texas 

S Cent 

5.816 

7,044 

Mont 

1,512 


Weight per fleece 

1949-56, 1961, 

pounds pound 


Wool production 


T-bl,, 


1961, 

pounds 

1949-58, 

1,000 

pounds 

1961, 

1,000 

pounds 

80 

8,695 

7,418 

7 6 

3,168 

3,223 

7 5 

4,310 

4,582 

B 4 

2,760 

2,904 

79 

TSS 

1,706 

20,639 

1.575 

19,702 

7 9 

5,396 

6,549 

7 5 

7,619 

10,530 

7 6 

6,225 

5,054 

9 4 

4,094 

5,799 

9 8 

8.402 

15.747 

7 5 

3,586 

4,921 

80 

3.746 

5.414 


39,068 

54,015 

8 12 

59,707 

73,717 

67 

3,771 

2,834 

5 6 

1,381 

1,086 

5 8 

241 

151 

5 5 

376 

292 

6 5 

262 

280 

4 S 

370 

396 

7 8 

1,273 

1,675 


45.228 

52.225 

ITb? 

52,903 

58,939 

10 2 

14,887 

16,180 

10 1 

10,107 

10,522 

10 5 

19,598 

21,933 

8 9 

11,381 

15,266 

9 1 

11,299 

10,364 

6 7 

2,895 

3,509 

10 0 

12,121 

11,706 

0 2 

3,943 

2,525 

9 2 

2,705 

2,870 

8 1 

6,261 

7,230 

7 9 

16.035 

19.719 


111,231 

121782? 

7 28 

3,211 

3,096 

5 81 

3.820 

3.795 

8 50 

230,872 

261,370 



Countries 


1936-40 


1951-55 


195S 


1951 


North America* 

500,0 

S20.0 

310.0 

S45.0 

Canada 

Mexico 

United States 

15.6 

10.3 

470.6 

7.8 

11.7 

295.1 

9.9 

29S.0 

10*1 

325.0 


640.0 

720.0 

750.0 

m}Si 

Argentina 

411.0 

35.5 

393.0 

52.4 

420.6 

63.0 

465.0 

52.0 

Chile 

32.6 

41.6 

48,9 

51.0 

Falkland Islands 

4.0 

19.4 

4.7 

20.4 

4.5 

22.0 

23.0 

Uruguay 

126.2 

194.8 

176.4 

Itib.U 

Europe 

Bulgaria 

495.0 

27.9 

43.0 

510.0 

30.4 

52.2 

565.0 

36.5 

60.6 

595.0 

44.0 

66.1 

West Germany 

21.7 

19,3 

13.3 

20.8 

11.7 

24.0 

11. b 
25.5 

Hungary 

13.0 

17.2 

9.8 

15.8 

16.1 

21.4 

Id.b 

23.0 

Italy 

Norway 

30.4 

5.9 

6.8 

37.2 
7.9 

12.2 

32.6 

8.0 

19.8 

8.0 

20.0 

Portugal 

Kumanla 

16.3 

40.7 

80.0 

22.4 

40.2 

84.6 

24.2 

43.2 
75.0 

47.0 

77.6 

United Kingdom 

Yugoslavia 

110.1 

34.7 

69.0 

35.2 

118.7 

31.0 

125.0 

32.0 

II-S.S.R. (Europe and Asia) 

310.2 

437.2 

700.0 

760.0 

Atrlca 

355.0 

370.0 

395.0 

380.0 

Algeria 

2Z.G 

20.4 

19.0 


Egypt 

Morocco 

7.5 

35.1 

7.5 

30.6 

5.2 

35.2 

35.0 


12,0 

11.4 

7.4 


Republic of South Africa 

272.0 

286.9 

313.0 


Asia 

SH.t) 

415.0 

485.0 

505.0 

Iran 


38.2 

44.0 

3b. 0 

Iraq 

Vl.t) 

24.0 

23.1 



10,1 

19.0 

20.7 

14.3 

Turkey (Europe and AmIh) 


7B.C 

79.4 

100.8 



92.4 

135.0 


India 

lOH 

72.0 

74.0 


Japan 

Pakistan 

iifm 

0.0 

»0.0 

7.6 

35.0 

6.1 

35.0 


l.i'lo.O 

(lOOa.u 

2,130.0 

2,270.0 



lismi.w 

1,590.0 

1,679.0 

New Zealand 


43?t0 

540.0 

592.0 

Tolil World 

4,tMd M 

It 

5,335.0 

5,650.0 


^orclEn Ajr. f it, ism, 



T hi 7 Wool rroauc""" I" • "■'oHlo. n,„|, (million Foond,)- 
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Year 

Turkey 

United 

States 

Republic of 
South Africa 

Basutoland 

Total 

1935-39 av» 

15 3 

16 8 

4 8 

8 

37 7 

1951-55 av ‘ 

16 4 

13 9 

5 0 

1 2 

36 5 

1956* 

19 4 

18 2 

5 4 

1 1 

44 1 

1957 

21 3 

19 1 

5 6 

1 1 

47 1 

1958 

21 4 

20 8 

6 0 

1 1 

49 3 

1959 

22 6 

23 3 

8 0 

1 2 

55 1 

1960 

21 6 

24 S 

8 7 

1 2 

56 0 

1961 

19 6 

26 4 

10 0 

1 2 

57 2 


‘Foreign Agricultural Service USDA Foreign Crops and Markets, January 29 1959 
Data for 1956 and later years from Uveatock end Meat Products Division Foreign 
Agricultural Service USDA April 6 1962 



T>bl. 9, Mohair Producliou, by Stata' 


Milk production per cow^ Total milk production* 


Rank 

1961 

State 

1950-59, 

pounds 

1961, 

pounds 

State 

1959-59, 

million 

pounds 

1961, 

million 

pounds 

1 

California 

8,463 

10,130 

Wisconsin 

16,394 

17,997 

2 

Arizona 

7,332 

9,500 

New York 

9,458 

10,575 

3 

New Jersey 

7,863 

9,110 

Minnesota 

8,862 

10,390 

4 

Rhode Island 

7,683 

9,000 

California 

6,954 

8,236 

5 

Washington 

7,171 

8,550 

Pennsylvania 

6,130 

6,897 

6 

Connecticut 

7,026 

8,550 

Iowa 

6,062 

6,063 

7 

New York 

7,190 

8,440 

Ohio 

5,416 

5,418 

8 

Wisconsin 

7,346 

8,410 

Michigan 

5,340 

5,296 

g 

Idaho 

6,975 

8,320 

Illinois 

3,978 

4,269 

10 

Massachusetts 

7,070 

8,300 

Missouri 

3,978 

3,784 

11 

Michigan 

6,829 

8,250 

Indiana 

3,638 

3,216 

12 

Utah 

7,142 

8,160 

Texas 

3,104 

2,975 

13 

Minnesota 

6,598 

8,130 

Kentucky 

2,473 

2,600 

14 

Ohio 

6,519 

8,050 

Tennessee 

2,349 

2,347 

15 

Pennsylvania 

6,738 

7,820 

Washington 

1,788 

2,026 

16 

Indiana 

6,333 

7,640 

Virginia 

1,985 

2,024 

17 

New Hampshire 

6,342 

7,600 

Nebraska 

2,201 

2,003 

18 

Maine 

6,316 

7,600 

Kansas 

2,301 

2,001 

19 

Illinois 

6,375 

7,570 

Vermont 

1,690 

1,978 

20 

Vermont 

6,325 

7,550 

North Dakota 

1,754 

1,740 

21 

Nevada 

6,421 

7,530 

Idaho 

1,425 

1,664 

22 

Delaware 

5,905 

7,400 

North Carolina 

1.640 

1,613 

23 

Oregon 

6,208 

7,140 

Maryland 

1,420 

1,543 

24 

Iowa 

5,978 

7,100 

Oklahoma 

1,700 

1,488 

25 

Maryland 

6,193 

7,080 

South Dakota 

1,391 

1,442 

26 

Colorado 

5,857 

6,930 

Florida 

881 

1,296 

27 

Florida 

5,172 

6,750 

Mississippi 

1,415 

1,271 

28 

New Mexico 

4,723 

6,420 

New Jersey 

1,147 

1,166 

29 

North Dakota 

5,029 

6,350 

Oregon 

1,182 

1,121 

30 

Nebraska 

5,317 

6,300 

Georgia 

1,137 

1,023 

31 

Wyoming 

5,458 

6,280 

Alabama 

1,187 

956 

32 

Kansas 

4,963 

6,100 

Arkansas 

1,182 

940 

33 

Virginia 

5,054 

6,060 

Louisiana 

792 

887 

34 

Oklahoma 

4,258 

6,000 

Colorado 

887 

825 

35 

North Carolina 

4,875 

5,930 

Massachusetts 

788 

780 

36 

Montana 

5,216 

5,920 

Utah 

704 

769 

37 

South Dakota 

4,639 

5,910 

Connecticut 

726 

752 

38 

Missouri 

4,811 

5,760 

Maine 

675 

714 

39 

Texas 

3,912 

5,380 

West Virginia 

782 

640 

40 

Kentucky 

4,308 

5,200 

South Carolina 

581 

540 

41 

West Virginia 

4,358 

5,120 

Arizona 

349 

475 

42 

South Carolina 

4,091 

5,090 

Montana 

514 

450 

43 

Georgia 

3,903 

4,940 

New Hampshire 

370 

388 

44 

Tennessee 

3,934 

4,800 


222 

263 

45 

Arkansas 

3,529 

4,350 

Delaware 

196 

185 

46 

Alabama 

3,564 

4,000 

Wyoming 

215 

182 

47 

Louisiana 

2,766 

3,840 

Rhode Island 



48 

Mississippi 

2,932 

3,620 

Nevada 

90 

113 


•Crop Reporting Board SRS USDA 
* Excludes milk sucked by calves 


Table 10. Rank of States m Milk Production per Cow and Total Milk Production, 
1961, and Averages for 1950-59* 
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*Crop Repoittcc Board SRS, USDA 
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SLAUGHTER BARROWS AND GILTS 
U. S. Grades 
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SLAUGHTER STEERS 
U. S. Grades 
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SLAUGHTER LAMBS 
U. S. Grades 



UTII.ITY 



Glossarv 


This glossary is not meant to be a substitute for a dictionary, nor for discus* 
sions presented in the bod) of the text Rather, ’ working definitions of some 
of the terms which may be new to some students arc given Definitions other 
than those given for each term might be cquall) accurate and complete Refer 
to Index for terms not given here 


Abomasum — ^Thc fourth compartment of the ruminant stomach w?hcrc enzy- 
matic digestion occurs Often called the ‘ true stomach ” 

Absorption — Movement of nutrients through the w'all of the gastrointestinal 
tract and capilhry walls into the circulatory s)scm 
Alveolus — A hollow follicle of cells In the ease of mammary tissue the cells 
lining the lumen of an alveolus manufacture milk and secrete it into the 
lumen 


Antibiotic — A compound that inhibits life tach has some specificity, inhibit- 
ing only certain species or strains, such as certain kinds of bacteria 
Antibody — -A chemical substance, in circulating fluids, colostrum, and milk, 
which contributes to immunity against a certain disease or infection 
Antioxidant— A compound which prevents oxidation Used in mjied feeds to 
prevent rancidity or loss of vitamin potency 
Bacteriostat— A compound which inhibits growth and reproduction of, or kills, 
certain bacteria 


Barrow— A male pig castrated before puberty 
Boar— A male pig which has not been castrated 

Breed— A group of animals descended from common ancestry and possessing 
certain inherited characteristics which distinguish them from anv other 
group ' 

Breed lype-Distinctive features in which one breed differs from another 
Bull— A male bovine which has not been castrated 

«r to raise one kilogram of water 1 ^ Centi- 

grade, or one pound of water approximately 4* Fahrenheit 

oxvMn ^ 'on^POsed of carbon, hydrogen, and 

oxygen the latter clementsprescntma 2 1 ratio 

TmonT^ammaU ® animal remaining after slaughter Vanes 

=‘ is-:; s' ■■■ “ 

thP fin,t rew day, after 

tionally high levels of OTUm ct'i"'/'"™ '“'P" 

ConcemratL-A I "s well as antibodies 

and low m fiber 

begin pregnancy” spwm and implantation of the zygote to 
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Connective tissue — A type of supporting tissue which is made of protein and 
especially strong. Some appears as long distinctive strands; other as a 
cementive mass between muscle cells. 

Corpus luteum — Active tissue which develops on the ovary at the site where 
an ovum has been shed. If conception does not occur, the tissue gradually 
disappears. If it does occur the tissue becomes functional, producing 
progesterone. 

Correlation — ^The tendency for the rate of change of one variable to be asso- 
ciated with the rate of change of a second variable. 

Cow — A mature, female bovine, usually after one or two pregnancies. 

Crossbred — ^An animal whose parents are of dilTerent breeds. 

Crossbreeding — Mating animals of different breeds. A distinct type of out- 
breeding. 

Crude protein — ^Nitrogen, present In feed, multiplied by 6.25. This factor is 
used because amino acids contain about 16 per cent nitrogen. Crude pro- 
tein includes nonprotein nitrogen compounds. 

Detergent — ^A compound which lowers surface tension. Used in mixed feeds 
because of apparent bacteriostatic effects. Also used for cleaning dairy 
equipment. 

Digestion — Chemical and physical breakdown of nutrients in the gastroin- 
testinal tract preparatory to absorption. 

Digestion coefficient — The percentage of a nutrient that is absorbed from the 
digestive system. 

Dominance — ^The tendency for one gene to exert its influence over its partner, 
after conception occurs and genes exist In pairs. There are varying degrees 
of dominance, from partial to complete to overdominance. 

Dressing per cent — Carcass weight divided by live weight and multiplied by 
100. Usually the cold carcass weight is used. 

Elasticity of demand — The tendency of demand for a commodity to be influ- 
enced or changed by various factors. “Price elasticity” is the tendency of 
demand to change as price goes up or down. “Income elasticity” is the 
tendency of demand to change as the consumer’s income goes up or down. 
Both are related to ability to buy. 

Embryo — The developing young, during pregnancy, from soon after implanta- 
tion to parturition. 

Environment — ^All of the conditions to which an animal is exposed after con- 
ception. 

Epididymis — A small, tortuous tube leading from the testicle. A site of sperm 
storage and maturation. 

Estrogen — A female hormone which promotes development of the female re- 
productive tract and mammary tissue. 

Estrous cycle — Cycle of events from one “heat period” to the next. 

Estrus — The time when a female is “in heat” and will readily breed. Also 
called estrus period. 

Ewe — A female sheep of any age. 

Family — A group of animals, within a breed, that usually trace to some noted 
ancestor. 

Fat — A class of nutrients, each normally composed of glycerol and three fatty 
acids. The most potent energy source in rations. Contains the elements, 
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carbon, hydrogen, and ox>gen. the hydrogen present in much higher pro 
portions than in carbohydrate 
Follicle— The growth which appears on the surface of the ovary late in the 
estrous cycle and which contains the developing ovum 
Follicle stimulating hontioni^-A hormone, produced by the pituitary ^nd, 
which promotes growth of ovarian follicles in the female and sperm in 
the male 

Free choice — Refers to individual feeds being available to animals so they can 
choose the proportion of each they prefer 
Gene— The simplest unit of inheritance Physicallj, each gene is apparently a 
nucleic acid with a unique structure It influences certain traits Sometimes 
called a trait determiner PI — Genes 

Genotype — ^The genetic make up of an animal A listing of genes carried by 
the animal, for one or several traits 


Gestation period— The duration of pregnancy 

Gilt — A female pig before farrowing Some use the term until the second 
farrowing 

Grade — Any animal, not purebred, that possesses the major characteristics of 
a breed 

Heifer — A female bovine before calving Some use the term until the second 
calving 

Heiferette— Used to describe a heifer which has calved once, perhaps prema- 
turely, then was ‘ dried up and fed for slaughter 

Heredity— “A study or description of genes passed from one generation to the 
next through sperm and ova The heredity of an individual would be the 
genes received from the sire and dam via the sperm and ovum 

Heriiabihty— The degree to which heredity influences a particular trait 

Heterozygote— An animal whose genotype, for a particular trail or pair of 
genes, consists of unlike genes 

Homozygote— An animal whose genotype, for a particular trait or pair of 
genes, consists of like genes 

Hybnd vigor— The tendency of crossbred offspnng to perform better, in cer- 
tain traits, than the average of their parents 

Inbreeding— Mating animals that are related Vanes in degree depending on 
degree of relationship 

Index--A total mem score, usually calculated for breeding animals The weight 
ot each component of an index is usually determined by its heritabihty and 
economic importance 

Ingesto— Contents of the digestive tract Includes feed, digestive juices, bac- 


secretion Usually beg ns at parturition and 
ts Ld op ■=“' o' O’' 

prated by the pituitary gland, which 
one m female”' "■ the female and secretion of testosler 

'''“swT^lnd ir'': “ '!■' "^P'o'PP'tva process, as ,n the formation of 
he testicles and ovaries Each pair of chromosomes, m 
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the cell being divided, separates and one member of each pair goes to each 
of the two new cells formed 

Metabolism — Utilization of nutrients inside body cells Usually involves many 
chemical changes 

Mitosis — -Cell division during normal growth of tissue Each chromosome 
divides so resulting new cells each have a full complement of chromosome 
pairs 

Monosacchandc — A single sugar molecule, a carbohydrate 

Non ruminant — An animal without a functional rumen Sometimes called a 
monogastne 

Nutrient — A chemical element or compound which is essential for normal body 
metabolism 

Omasum — ^The third compartment of the ruminant stomach Contains a mass 
of suspended, parallel, rough surfaced leaves which grind ingesta to a fine 
consistency ohen called the “manyplies ” 

Outbreeding — Mating animals distinctly unrelated, usually with diverse type 
or production traits Vanes in degree, depending on degree of divergence 
m type or production traits See Crossbreeding 

Ovary — Female sex organ which produces ova after sexual maturity PI — 
Ovaries 

Oviduct — ^Tube leading from each horn of the uterus to the corresponding 
ovary 

Ovum — ^The female sex cell, produced on the ovary, and carrying a sample 
half of the genes carried by the female m which it was produced PI — 
Ova 

Parturition — The act of giving birth — calving lambing, or farrowing 

Pedigree— A record of ancestors 

Phenotype — ^The characteristics which an animal shows or demonstrates This 
includes both appearance and performance 

Pituitary gland — A small endocrine gland, located at the base of the brain, 
which produces and secretes various hormones into the blood stream 
These hormones help to regulate various body processes 

Primal cuts — ^The most valuable cuts on a carcass Usually includes leg loin, 
and rib 

Progesterone — A hormone, produced by the corpus luteum on the ovary, which 
aids in maintaining pregnancy 

Prostate gland — A gland which surrounds the neck of the bladder and the 
urethra in the male 

Protein — A class of nutrients including amino acids which may be present in 
feeds individually or combined Contains the elements carbon, hydrogen, 
oxygen, and nitrogen 

Proven sire (DHIA) — A bull with at least 10 daughters which have completed 
lactation records and which are out of dams with completed lactation 
records 

Puberty — ^The time when sexual maturity is reached In the female, ova on the 
ovaries begin to develop In the male, sperm production is initiated in the 
testicles 

Ham — A male sheep which has not been castrated 
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Random mating— Allowing selecled animals to mate at random 
Ration-A combination of feeds, perhaps mixed together, which arc fed to 
livestock to meet nutrient requirements May vary in quantity 
Reach— Difference between the average ment of a herd or flock, ^ 

several traits, and the average merit of those selected to be parents of the 
next generation 

Recessive— The tendency for a gene to be overshadowed, in its innuence on 
trails, by its partner, after conception occurs and genes exist m pairs iee 
Dominance 


Registered — An animal registered by the breed association 

Registration certificates— Papers showing that an animal has been recorded by 
the breed association as a purebred 

Repeatability — ^The tendency of animals to repeat themselves in certain per* 
formance traits in successive seasons pregnancies, or lactations 

Reticulum — ^The second compartment of the ruminant stomach, where bacterial 
digestion continues Has a honejeomb textured lining, so often called the 
‘ honeycomb ” 

Roughage — A feed low in digestible energy and high in fiber 

Rumen — The largest of the four stomach compartments in the adult ruminant 
and the one to which most roughage goes first The site of active bacterial 
digestion 

Ruminant— An animal with a functional rumen compartment in the stomach, 
plus three other compartments 

Scrub — An animal having little or no improved breeding or an animal of 
mixed, mongrel, or unknown breeding 

Semen — A mixture of sperm and accessory fluids produced by the testicle and 
accessory organs and glands 

Seminal vesicle — A gland attached to the urethra, near the bladder, and which 
produces fluids to carry and nourish the sperm 
Shoal — A pig of either sex, usually between 60 and 160 pounds 
Shrink — Loss in weight Usually used to describe weight lost when livestock 
is shipped Weights are usually taken under comparable conditions before 
and after shipping 

Sow— A mature, female pig, usually after one or tw o pregnancies 
Spayed heifer A heifer whose ovaries have been removed or the oviducts 
leading to the uterus have been severed 

Sperm— The male sex cell, produced by the testicle, and carrying a sample half 
of the genes carried by the male in which it was produced PI — Sperm 
Stag— A male pig sheep, or bovine castrated late in life, after puberty and 
alter secondary sex charactenslics have developed 
Steer— A male bovine castrated before puberty 

Strai^A gioup of ammal, withii. a family A term of varying usage, some 
times used instead of family J & & > 

Surfactant— Detergent 

M teMicl«^^^° which produces sperm after sexual maturity PI 
Therm — 1000 Calories 

Uteras-The female reprodaetive organ where an embryo develops 
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Vas deferens — ^Tube connecting the epididymis of the testicle to the urethra. 

Viscera — Usually refers to the organs of the abdominal cavity, removed at 
slaughter, including stomach, intestines, liver, and other accessory organs. 
Heart and lungs may also be included. 

Vitamin — One of a class of nutrients, each required in small quantities and 
which usually function as a catalyst or catalyst component in body metab* 
oUsm. Not needed as a source of energy or nitrogen. 

Yearling — Normally an animal that is one year of age but not yet two. 

Yield — 1. Dressing per cent of an animal slaughtered. See: Dressing per cent. 

2. Volume of milk produced per day or per lactation. 

3. Pounds of wool clipped per ewe. 

4. Percentage of clean wool after scouring. 

Zygote — A fertilized ovum. 
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Abomasum, 68 
Absorption of nutrients, 65 
Accessory fluids, 190 
Acorns, influence on pork quality, 143 
Adaptation of livestock, 11 17 
Additives, feed, 61 
Adjustment tables, 
beef weaning weights, 229 
milk production, 414, 415 
Advanced Registry, 419 
Age, 

estimation by teeth, 221 
illustrated for sheep, 222 
influence on meat quality, 319 
influence on milk production, 415 
Visual estimation, 221 
Aging of meat, 349, 376 
Agricultural economy, 2 6 
Agricultural Experiment Stations, 3 1 
Agricultural Extension Service, 31 
specialists pictured, 32 
Agricultural Marketing Agreement Aci. 

450 , _ 

Agriculture production goals, a 
Agriculture, US Department of. 3i 
Air movement, 177 
Amencan Dairy Association, 

American Feed Manufacturers 
lion, 19 

Amencan Meat Institute 371 
Amcncan Veterinary Medical Asjocia 
tion, 25 

Amino acids, 52 
formation of, 48 
in wool, 385 

Analyses table, . 

fcMs for non ruminants, ou 
feeds for rumlmnW, 98 
Angora goals 

mohair' production. b> states and coun- 
tries. 472 

Angus, pictured. 267 
Animal products 

in Amencan diets. . 


Animal products (Conf) , . , 

influence on livestock adaptability, 14 
Antibiotics, 

m livestock rations, 61 
m meat preservation, 382 
influence on meat quality, 144 
Antioxidants, influence on meat quality, 
145 

■^^Srac’y of estimating grades, 330 
332 

accuracy of estimating yield, 333 
accuracy of the eye, 219 224 
accuracy, traits compared, 220 
breeding stock, 217 238 
indexes, 234 
dairy stock, 412-429 
meatiness, 230 232, 324-330 
of carcasses by grades, 298 
slaughter livestock, 319-337 
visual, 219 224 
Aroma, 

of meat, 378 
of milk, 440 

Artificial insemination, 194 
matings per ejaculate, 248 
pictured, 195 

to speed improvement, 248 
Artificial rumen, pictured, 37 
Ash, 55 

Auctions, 277-279 
distribution, 278 
pictured, 26 
A>'shire, pictured, 266 


B 

Backfat, 

correlations with carcis, irahs, 326 
In port carcass spcclficalloni, 302 3i 
measurement, 230 
niuitratcd, 4|, 230 
Beef, (see also Meat) 
chan, 346 
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Beef(Conr) 

consumption per capita, 360 
from dairy stock, 408 
geographical preference for, 364 
production by months, 468 
supply calendar, 311 
Beef cattle, (see also Cattle) 

adjustment table for weaning weighU, 
229 

breeds, 265 

development of, 263 
pictured, 267 
carcass chart, 346 
carcass grades 299 
contrast in meatiness pictured, 327 
cooling by fan, 178 
cows on farms, 
by regions, 9 
by states, 463 
culling, 236 

feeders, (see Cattle, feeders) 
seasonal supply and price cycles, 
307-309 

grades pictured, 127 
feeding during pregnancy, 169 
hentability of traits, 211 
improvement example, 245 
mflueoce of growth on reproduaion, 
164 

market classes, 292 
number on farms by states, 463 
nutrient requirements, 
daily, 94 

proponion of ration, 96 
rations, 106 

slaughter, (see Cattle for slaughter) 
grades pictured, 476 
seasonal supply and price cycles 
314 317 

slaughter procedures, 339 
Berkshire, pictured, 269 
Blend price of milk, 434 
Blood system of grading wool, 387 
Bob veal, 407 
Brahman, pictured, 267 
Branch houses, packer, 353 
Brangus, pictured, 267 
Breeders of livestock, 21 
Breeding programs, 250 259 
Breeding stock, 
appraisal, in 138 
indexes, 234 
research in, 41 
culling. 236-238 
Breed organizations, 22 
Breeds, 260-272 
beef cattle, 265 
development of, 263 


Breeds (Cont ) 
beef cattle (Cont ) 
pictured, 267 

chronology of development, 262-264 
table, 263 
dairy cattle, 265 

color differences in milk, 405 
compared for veal production, 407 
development of, 262 
nulk composition by, 405 
pictured, 266 
development of, 260 262 
dual purpose cattle, 265 
development of, 263 
pictured, 266 

for feeder cattle production, 118 
future of, 272 

genetic variation within, 264 
reasons for, 260 
sheep, 270 

development of, 263 
pictured 270 27 1 
wool grades of, 388 
swine, 268 
development of, 263 
performance m crossbreeding. 255 
pictured, 269 

Broilers raised, by states, 469 
Brown Swiss, pictured, 266 
Bruises, (see Injuries) 

Building and equipment needs, species 
compared, 17 
Buyen, order, 280 
By producu, 
dairy, 458 

meat animal, 354 356 
used m feed manufacturing, 21 
, used m rations, 82 

value, species compared, 334 

C 

Calcium, 

content of feeds, 81 
required by niimnants, 94, 96 
Calves, (see also Cattle) 
dairy, (see Dairy calves) 
feed consumption, 87 
feeder, (see Cattle, feeder) 
nutrient requirements. 74 
slaughter by months, 468 
slaughter procedures, 339 
veal, (see Veal) 

Canadian pork carcass grades, 302 
Capital requirements 
dairy farming, 400 
fanmng operations, 4 
feeding operations, 150 
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Capital requiremcnls (Con^.) 
feeding operations {Cont.) 

species compared, 115 
livestock enterprises, 16 
Carbohydrates, 49 
digestion of, 64 
formation of, 46 
formed in milk secretion, 434 
in meat, 373 
in milk, 405 

Carcass charts, 346, 347 
Carcasses, percent USDA graded, 297 
Carcass grades, 

accuracy of estimating, 330-332 
beef, 299 

Canadian pork, 302 
for appraising meat, 138 
lamb and mutton, 300 
pork, 301 

what they appraise, 298 
Carcass grading, 344 
Carcass measurements, pork, 302, 30i 
Carcass traits, heritabiliiy of, 2U 
Catholic meat consumption, 367 
Cattle, . _ , 

appraisal, (see Appraisal, and Seiec- 

artificial insemination illustrated, 195 
beef, (see also Beef cattle) 
bruises and injuries, 335 
carcass grades, 299 . . 

crippling and deaths in transit, 255 
dairy, (see also Dairy cattle) 
dwarfism, 201-203 
feeders, 118-129 

areas of production, 114 
beef vs. dairy, 120 
breeds, 118, 119 
grades, 126-128 

grades pictured, 127 
indicators of perforrnance, 125 

influence of age and weig , 

124 

influence of color, 128 
influence of sex, 125 . 

seasonal supply and price cycles, 
307-309 

sources, 118 , 

feeding during pregnancy, ity 
feeds for, 100-102 
for slaughter, 
grades listed, 299 
cradcs pictured, 476 ^ 

seasonal supply and price cycles. 

314-317 

identification, 227 
Influence of growth on reproduction. 

164 
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^tnlfucSe" temperature on perform- 
ance, 178 
inheritance, 

of dwarfism, 201 
of polled trait, 199-201 
margin in feeding, 153-155 
market classes, 292 
numbers, 

long term cycles, 305 
on farms by states, 463 
nutrient requirements, 

daily, 94 , 

proportion of ration, 96 
nutrition, 91-112 

percent sold at terminal markets, 2/9 
rations, 106 

for milk cows, 112 ^ 

reproduction, (see Reproduction) 
shrink in transit, 284 _ 

slaughter, (see Meat processing) 
by months, 468 
procedures, 339 
Cellulose, 50 
Charbray, pictured, 267 
Charolalse, pictured, 267 
Chester White, pictured, 269 
Cheviot, pictured, 271 
Chickens on farms, by states, 469 
Chromosome, 
defined, 197 

pairs In farm animals, 197 
Circulation of nutrients, 69 
Classes, 
cattle, 292 
hogs, 295 
milk, 452 
sheep, 294 

Classes and grades, 290-303 
use in market reports, 291 
Color 

cattle, influence on performance, 128 
inheritance of, 201, 202 
of meat, 379 
of roiik, 405, 442 
Colostrum, 170, 440 
Columbia, pictured, 27 1 
Combing wool, 389 
Commission company, 274 
Concentrates, 
analyses table 

for non-ruminant rations, 80 
for ruminant rations, 98 
defined, 72 

Concentrate to roughage ratio, 103-105 
influence on meat quality, 141-143 
Conception, (see also Reproduction) 192 
Condemnation of meat 
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Condemnation of meat (Conf ) 
causes, 335 
procedures, 343 

Conformation, (see also Selection) 
appraisal by committee, 232 


Dairy calves (Conr ) 

growth and development, lOs-llU 
nutrient recommendations, 77 
nutrient requirements, 74 
veal, <»cc Veal) 


oy commuicc, i _ ^ 

Stock appraisal. 221 224, 232 Dairy cattle, (see also Cattle) 


Consumption, per capita 
dairy products, 455 
meat, 360 
wool, 385 

Consumption trends, food, 357 
Contract operations, 
dairying 410 
feeding, 160 

Conversion tables, (see Adjustment 
tables) 

Cooling, 

livestock, 176*181 
meat carcasses, 343 
milk, 448 

Comedale, pictured, 271 
Costs, in marketing livestock, 283 
Cow pools, 410 

Cripples m hauling livestock, 285 
Cntical temperature, 174 
Crossbred pigs, pictured, 258 
Crossbreeding 153 159 
future use, 259 
hybrid vigor. 254 
m feeder cattle production. 118 
m feeder lamb produnion, 130 
influence on rate of improvement, 249 I 
reasons for, 253 
rotation programs, 256>259 
illustrated, 257 
swine. 254 258 
Crude protein, 52 
Cud, 67 
Culling, 

breeding stock, 236 238 
dairy cattle, 423 
Curing meat, 
color changes m, 380 
procedures, 350-352 
Cuu of meat, 345 349 
demand elasticity for, 366-368 
illustrated on carcass charts, 346-347 
on live animal, illustrated, 329 
Cutting carcasses, 345 
pork, pictured. 348 
Cycles, 

livestock supply and price, 304-318 


Dairy Association, American, 457 
Dairy by producu, 458 
Dairy calves, 
feeding programs, 108 


breeds, 265 

color differences m milk, 405 
compared for veal production, 407 
development of, 262 
milk composition, 405 
pictured, 266 

cows on farms by states. 473 
culling cows from herd 423 
heriiability of traits, 211 
in feeding programs, 120 
influence of cooling milk cows, 180 
influence of growth on reproduction, 
165 

milk production by stales, 473 
number on farms by states, 465 
nutrient requirements, 
daily, 94 

proportion of ration, 96 
selection for dairy character, 424, 426 
selection for milk production, 412-429 
procedure withm a herd, 412 
selection standards for heifers, 422 
sire selection procedures. 428 
source of beef, 408 
source of replacement heifen, 405 
use of artificial insemination, 249 
visual appraual. 424-428 
Dairy character 

correlated with production, 424 
deflaed, 426 

Dairy cows, (see also Milk, production) 
and secretion) 
nutnuon of, 111 
on farms by stales. 473 
Dairy farming, 

care of equipment, 449 
changes in efficiency, 398 
charactenstics of the business, 396 
contract arrangements, 410 
feed requirements, 398, 401, 403 
investment required, 400 
labor needs, 402 
location, 398 
milking facilities, 444 
outlet for bull calves. 407 
production record systems, 416 
size of operation, 399 
source of heifers, 405 
trends m cows and production, 389 
Dairy heifers, 

energy requirement during growth, 109, 
110 
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Dairy heifers {Cent ) 
nutrition of, 107 

Dairy Herd Improvement Associations, 
417-421 

example monthly report, 421 
Dairy Herd Improvement Registry, 41^ 
Dairy processing plants, (see also Miik 
processing), 29 
Dairy products 

consumption per capita, 455 
promotion, 457 
Dealers, livestock, 279 
Deaths, in hauling livestock, 285 
Dehydration of meat, 382 
Demand elasticity for food, 3, 357 
Density of livestock, 7-11 
shifts in, 9 
Detergents, 

for cleaning dairy equipment, 449 
in livestock rations, 61 
Diets, animal products in, 2 
Digestion, 
defined, 62 
enzymatic, 64 
Digestive system 
influence on adaptability, U 
non ruminant, 63 
pig, illustrated, 63 

relative size, species compared, 63 
ruminant, 66 
illustrated, 67 
Direct marketing, 280*282 
pictured, 282 

Disease control, research in, 38 
Disease free livestock, 39 
Disease resistance, 
influenced by age, 13 
influence on adaptability, 13 
species compared, 13 
Distribution, 

of meat processing plants, 28 
meat, 353 
milk, 457 
Dominance, 199 
Dorset, pictured, 271 
Dressing per cent 
accuracy of estimating, 333 
averages by species and grades, 332 
influenced by pregnancy, 322 
selling according to, 335-337 
Dual purpose cattle breeds, 265 
development of 263 
pictured, 266 
Duroc, pictured 269 
Dwarf cnlf. tllustnted 202 
Dwarfism 

detection of eamcn. 203 
Inheritance of, 201 


Economy, agricultural, 2-6 
Educational agencies, 30 

Elasticity of demand for food, 357 
Embryo transplanting, 249 
Energy 

content of feeds, 81 it, nn 

influence on embryo survival, 167-170 
influence on meat quality, 140 143 
influence on reproduction, 164-166 
required by non ruminants, 74 
required by ruminants, 94, 96 
utilization, 70 
Enterotoxemia, 103 
Environment 

adjustments for 

in appraising breeding stock, 228 
m appraising dairy cattle, 414 
climatic influence on animal perform 
ance, 173 186 
versus heredity, 34, 208 
illustrated, 209 
when influence begins, 35 

tenderizing meat, 351, 376 

Equipment industry, livestock, 23 
Estrous cycle, 191 
Estrus, 192 
Ether extract, 51 


Factors, unidentified, 59 
Farm cost rates, 149 
Farm operation, capital required, 4 
Farm production capacity, 2 
Farms, number of, 2 . - , 

Farm workers, efficiency of. 2, 6 
Farrowing crates, pictured, 23 
Fat, 50 

digestion, 65 
formation of, 47 

influence of feeding on meat quality, 
141 

m meat, 372 374 

m milk. b> breeds and areas, 405 
use in swine ntions, 82 
Fatness, (sec Finish, Grades, and Mean* 

Fcdcrar”agcncies, (sec Government 

Fedcral°^£radmg of carcasses. 296 302, 

Federal Gndmg Service, 344 
Federal meal ins^ion. 342 
Federal milk marketing orden. 450 
plotted on map. 453 
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Feed additives, 61 

influence on meat quality. 144 
influence on reproduction, 171 
legislation concemmg. 145 
Feed consumption 

non ruminants, species compared, 87 
ruminants, 102 

Feed efflciency, hentability of, 211 
Feeder, defined, 113 
Feeders, 113-135 

cattle, 118 129 I 

areas of production, 114 
catUe, 118-129 
beef vs dairy, 120 
classes and subclasses, 293 
grades, 126-128 
grades pictured, 127 
mdteators of performance, 128 
influence of age and weight, 121- 

124 

influence of color, 128 

influence of sex on performance, 

125 

seasonal supply and pnee cycles, 
307-309 
sources, 118 
lambs, 129-132 
age and weight desired, 129 
areas of production, 114 
breeding and color markings, 130 
classes and subclasses. 294 
grades and influence on perform- 
ance, 131 

indicators of performance, 132 
influence of sex on performance, 
131 

seasonal supply and pnee cycles, 
307-309 

singles versus twins, 132 
sources. 129 
pigs. 131-135 
appraisal, 134 
classes. 295 
health, 133 
pictured. 134 

producers and dealers, 133 
seasonal movement, 309 
sex and performance, 135 
range m performance, 116 
season of movement, 114 
sheep, (see Feeders, lambs) 
sources, 113 
what to buy, 115 

Feeding^ Uveitock, (see also Feeds, 
Nutrients, Nutnuon) 
capiwl requirements, 16 
contract arrangements, 160 
cost of gams, 151-153 


Feeding livestock (Com ) 
cost of gams (Coni ) 

influenced by weight, 152 
financing, 150 

influence on tenderness. 375 
labor needs. 15 
location, 150 
margin, 153-155 
specialization. 158-160 
vertical integration, 160 
Feed manufactured, by species, 20 
Feed manufacturers, density in Iowa, 21 
Feed Manufacturing, American Associa- 
tion, 19 

Feed manufactunng industry, 19 
Feeds. 

analyses table, 

for non ruminant rations. 80 
for rummant rations, 98 
for non-ruminant rations, 79-84 
for ruminant rations, I00-I02 
influence on milk flavor, 440 
influence on reproduction, 172 
needed for dairying, 398, 401, 403 
pasture 

influence on conception, 167 
influence on meat quality, 146 
pelleted. 145 

Fermentation production of vitamins, 59 
Fenilny, (see also Reproduction) 
influenced by season and temperature, 
162 

Fertilization, 192-194 
Fiber, 49 

content of feeds, 81 
Finish, (see also Grades, Mealiness) 
influence on meat quality, 322 
measunng techniques, 230-232, 325 
visual appraisal. 322-325 
Flavor, 
of meat, 377 
of milk, 440 

I Flaw detector. 231, 326 
I pictured, 41 
Flushmg, 166 
Food, 

consumption 

meal vs other food, 359 
trends, 357 

demand elasUaty of, 3, 357 
expenditures for, 358 
per capita consumption, 359 
relative nutnent content, 373 
supply per person, 1 
Foraging ability, species compared, 11 
Formulation of rations 
dairy cattle. 111 
non ruminant. 84 
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Formulation of rations (Cont ) 
non ruminant {Cent ) 
methods illustrated, 85 
ruminant, 105 
Food additives bill, 145 
French combing wool, 389 
Freezing meat, 382 
to increase tenderness, 376, 377 


Gaming ability 
heritability of, 211 
visual estimation of, 224 
Gams, cost as influenced by weig » 

Gene, 

defined, 197 .qo 

transmission to next generation. 

Genetic make-up, (see Heredity) 

Genetics, science of, 40 
Genetic variation, 206 
caused by inbreeding, 253 
withm breeds, 264 
Genotype 
defiiied, 199 

discussed, 202 , 562- 

Geographical preferences for m . 

Gestatiof period, (see Pregnancy) 
Government agencies, 30 
Federal Grading Service, 3 
market news, 287-289 
market regulation, 280 
Meat Inspection Division, 
meat research, 383 -og 

Packers and Stockyards 

US Department of Agrivu. 

Grade Yield, selhng according to, 

335-337 

Grades, iio-332 

accuracy of estimating, 
application of, 344 
beef carcass, 299 -- 

Canadian pork 138 

carcass, for appraising me 
feeder cattle, 126-12o 

pictured, 127 123 

relation to P®*‘5’cators of perform 
feeder lambs, indicators o 

ance, 131 for beef, 364 

geographical 30 O 

hmb and mutton carcass. 

milk, 446 
pork carcass. 
private carcass 30- 
slaughter caiiic. zyy 
pictures. 476 
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Grades (Cont ) 
slaughter hogs, 301 
pictures, 475 
slaughter lambs, 300 
pictures, 477 

rf^nfs^ghter animals 
Casses, 296 298 
use m market reports, 291 
veal, 299 
wool, 388 
Grading, 

dual system, 299 
procedures in, 364 
Guernsey, pictured, 266 
Hand mating, 247 
Hank, deSned, 387 
Hampshire hog, pictured, 269 
Hampshire sheep, 

Hauling livestock, 283-286 
deaths and cripples, 285 
location of bruises and injuries, 335 
shrink, 284 

**ca*M of meat condemnation, 335 
disease control research, 3o 
heritability of certain traits, 211 
in breeding stock, 217 
in feeder pigs, 133 

^^dissipation by livestock, 176 
cslrus, 192 , ,t>. 

required by livestock, 184 
Hebrew dietary law, 367 
Kosher slaughter, 339 
Herd Improvement Registry, 419 

Heredity, 

mechanics of, 197-207 
relative importance, (see Heritability) 
versus environment, 34, 208 
illustrated, 209 
when established, 35 
Hereford, pictured, 267 
Hent'ibihty 

consideration when choosing traits to 
improve, 219 
defined, 208 
discussed, 209-215 

influenced by subjective scoring of 
traits, 212 

influence on efTectivencss of selection, 
212 

table of values for traits, 211 
techniques to raise il. 215 
use in predicting improvement, 241 
Hides processing, 355 
Hogs, (sec also Swine) 

feeders, (sec Fecdcn, pigs) 
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Hog% {Coni ) 
for slaughter 
grades. 301 

pictures of grades, 475 

seasonal supply and price cycles, 

311 313 

market classes, 295, 296 
nutnent requirements, 74 
recommended nutnent allowances, 77 
slaughter by months, 468 
Holidays, influence on meat consump 
tion, 367 

Holstein pictured, 266 

Hormones, involved in milk secretion. 

437 
Horses, 32 

Humane slaughter, 139 141 
swine, pictured, 340 
Hybrid vigor, 254 256 
example in swine, 255 
future value, 259 
genetic illustration, 255 

I 

Identiflcatton systems, 225 
Illustrated. 225, 226 
Imports of wool, 191 
Improvement, 

example in beef cattle. 245 
examples in swme. 213, 243, 244. 246 
influenced by hentability. 212 
influenced by prolificnets, 239 
predicting rate, 240 
illustration, 241 
rules for causing 206 
speeded by artificial insemination. 248 
speeded by embryo transplanting 249 
speeded by hand mating 247 
Inbreeding, 25V-253 

Income, influence on meat consumed, 
366.368 
Indexes, 234 
Inheritance, 

dwarfism, 201 I 

examples. 199 202 
importance m feeder stock, II 7 
mechanics of, 197-207 
polled characleristic, 199 201 
relative importance of, fsee Hem- 
ability) 

shorthorn color, 202 
sex, 204 

when established, 35 
Iniuries, 

cost and location on animal. 334 , 335 
in hauling livesiock. 285 
to dairy cow udders. 442 


Insemination, artificial, 194 
to speed improvement, 248 
Inspection, 
meat, 342 

milk and dairies, 446 

of carcasses, pictured, 30 

slaughter livestock, number by months, 

I 468 

I Integration 

m dairying, 410 
wi feeding operations, 160 

J 

Jersey, pictured, 266 
Jewish dietary laws, 367 
Kosher slaughter, 339 
Journals, pictured, 34 
Judging, (see Appraisal, Selection) 

K 

Kosher slaughter of beef, 339 
L 

Labor 

needed for dairying, 402 
requirements by species, 15 
return m feeding operations, 148 
Lactation, (see also Milk secretion) 
adjusiments for length, 414 
changes in milk composition during, 
439 

typical production curve, 437 
Lagoon for manure, 157 
piaured, 158 

Lamb carcasses, per cent USDA graded, 
297 

Lamb and Mutton, (see also Meat) 
carcass chart, 347 
carcass grades, 300 
consumption per capita, 360 
I geographical preference for, 363 
1 production by months, 468 
supply calendar, 311 
Lambs, (see also Sheep and Lambs) 
feeders. 129 132 
age and weight desired, 129 
areas of production, 114 
breeding and color markings, 130 
grades and influence on perform 
ance. 131 

indicators of performance, 132 
mfluence of sex on performance, 131 
singles vs twins, 132 
sources. 129 

for slau^ter, (see also Sheep and 
Lambs) 
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Lambs {Cont ) 
for slaughter (Con/ ) 
pictures of grades, 477 
margin m feeding, 153, 154 
Land Grant Colleges, 3 1 
Landrace, pictured, 269 
Land use, 5 

Lard, production by months, 468 
Lean cuts, 348 
Leanmeter, 231 

Leanness, hentability of, 211 
Least-cost rations, 89 
for swine, 90 

Let-down of milk, 435-437 
Live probe, 325 
illustrated, 230 
Livestock adaptation, 7 
Livestock breeders, 21 
Livestock density, 7-1 1 
shifts m, 9 

Livestock distribution, 7-11 
Livestock equipment, 23 
Livestock exchange, 276 
Livestock feeding, (See Feeding Live- 
stock) 

capital requirements, species compared, 
115 

equipment for, 24 

influence on meat quality, 136-147 
manufactured feed used, 20 
Livestock numbers, 
long term cycles, 304-307 
tables by species and states, 463-469 

M 

Mammary system, 
anatomy, 431-434 
development. 436 

in appraisal of breeding stock, 223 
secretion physiology, 434-438 
Manure, 

decomposition by bacteria. 157 
lagoon. 157 
pictured, 158 
value, 156 
Marbhng, 
benefits of, 379 
contribution to juiciness. 13" 
illustrated In photo, 323 
Indicators on live animnL 3- 
racihodi of measuting. 379 
Margin. 153-135 
definej. 153 

needed In cattle fee\linE * 

Mtrlct clast, defined. 2*^ 
cattle. 292 
bc»gt,295 


Supplies 


Market class, defined (Cent ) 
milk, 452 

Market ’classes and grades, 290-303 
development for livestock, 292 
illustrated m market report, 291 
Market foundations, 277 
Market grades, (see Grades) 

Marketing, (see also Markets, 
and Prices) 
costs for livestock, 283 
cripples and deaths, 285 
cull dairy cows, 408 
direct, 280-282 
pictured, 282 
federal milk orders, 450 
feeders, 113-116 
seasonal cycles, 307-310 
injuries during, 334 
milk, 449 

on grade and yield, 335-33/ 
regulatory agencies, 286 
seasonal supply cycles, 307-317 
shrink in transit, 284 
swine, ideal weights, 140 
veal calves, 407 
weekly supply cycles, 317 
wool, 392 

Market news, 287-289 
leased wire network, 287 
Market report illustrated, 291 
Markets, 26, 273-289 
auctions, 277-279 
distribution, 278 
pictured, 26 
central public. 273-277 
channels used m recent year, 274 
dealers, 279 
milk, 449 , 

news distribution, 287-289 
order bu>ers, 280 
public, 273-277 
regulatory ngenclcs. 286 
stock sold at dificrent kinds. 274, 281 
termiml, 273-277 
agencies nl, 274-277 
commission companj, 274 
livestock exchange. 276 
market foundation, 277 
pictuml, 276 

salable receipts by markets. 302 
salable receipts, recent jxan, 275 
llaugh’cf stock sold at, 278 
stockyards company, 274 
wtsol. 29. 392 
Mastication. 64 
Meat 

349. 376 
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Meat (Cont ) 
aroma, 378 
by-products, 354 356 
color, 379 

changes during curing and storage, 

380 

determination pictured, 44 
consumer desires, 136 
consumption 

geographical differences, 362-365 
influenced by holidays and religious 
beliefs, 367 

influenced by income, 366-368 
per capita, 360 
rural vs urban, 366 
trends, 360 
cooling carcasses, 343 
curing, 350 
distribution, 353 
flavor, 377 

freezing for preservation, 382 
from dairy stock, 408 
geographical preference, 362-365 
grades, 299 303 
grading, 344 
inspection, 342 
marbling, 
benefits of, 379 
contribution to juiciness, 138 
indicators on live animal, 323 
nutniivc value. 372 
preservation, 381 383 
processing, 338 356 
cutting, 345 
Kosher slaughter. 339 
research in, 374 384 
sausages, 352 
processing industry 
changes in, 338 
charactenstics of, 338 
profit, 356 
processors, 27 
production by months, 468 
promotion, 369 

proportion produced m U S , 6 
quality appraisal, (see Meat, grades 
and Meat, technology) 
quality as influenced by, 
age, 319 

certain feeds, 143 
energy level in ration, 140-143 
feed additives, 144 
finish, 322 

length of feeding period, 139 
pasture, 146 
pelleted feeds, 145 
protein level m rations, 143 
sex. 321 

slaughter weight, 140, 321 


Meat {Cont ) 

research agencies, 383 
rural vs urban consumption, 366 
specialty items, 383 
supply calendar, 311 
supply per person, 1 
technology. 372-384 
tenderizing, 349, 376 
tenderness, 374-377 

trends in per capita consumption. 360 
versus other foods, 359 
Meat animals, produaion by states, 7 
Meatiness. 

appraising slaughter stock for, 324- 
330 

contrast in cattle, pictured, 327 
contrast m hogs, pictured. 324 
correlations with carcass traits, 326 
measuring techniques, 231, 325-329 
visual appraisal, 324-329 
Meiosis, 198 
Merchandising 

dairy products, 457 
meat, 353 
research in, 42 
woolens, 394 
Menno, pictured. 270 
Metabolism, 70 
Methionine 53 
Milk, 

appearance and color, 405, 442 
aroma, 440 
by products, 458 
classes, 452 
composition 

by breeds and areas, 405 
changes dunng lactation, 439 
influenced by feeding, 438 
consumption per capita, 455 
cooling, 448 

distnbution, stores vs routes, 457 
flavors and odors, 440 
for manufactunng, 450 
grades, 446 

handling equipment, 444-449 
market classes, 452 
marketmg, 449 
marketing orders, 450 
plotted on map, 453 
nutritive value compared, 373 
prices, methods of establishing, 453 
price stability, 397 
processing industry, 29 
production, (see also Dairy Cattle and 
Dairy Farming) 

adjustments for environmental fac- 
tors, 414 

average per cow by stales, 473 
by months, recent years, 474 
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Milk {Cont ) 
production (Con/ ) 
by states, 8, 473 

correlated with conformation traits, 
424 

illustrated by states, 8 
influence of cooling cows, 180 
records, (see also Records, dairy 
cattle), 414 
repeatability of, 423 
seasonal cycles, 450 
selection for, 412-429 
species comparison, 430 
trends, 398 

typical lactation curve, 437 
water required, 112 
proportion produced in U S , 6 
secretion, 434-438 
hormonal control, 437 
influenced by udder pressure, 435 
let down reaction, 435, 437 
nutnent formation, 434 
production curve during lactation, 
437 

supply per capita, 1 
use distribution, 455 
value for feeding veal calves, 407 
Milk Cows, (see Dairy cattle) 
numbers by state, 465 
Milking, 
facilities, 444 
machines, 447 
parlors, 23, 444 

pictured, 402 . ... 

investment and labor required. 44? 
types illustrated, 445 
procedure recommended, 447 
process, 433, 435 
Milking Shorthorn, pictured, 266 
Milk replacer, 107 
Mills, woolen, 29 
Minerals, 55 


sccreied m milk, 435 
Minnesota No 1. pictured. 26 ^ 

Mitosis, 199 

Mohair, 395 , 

production b> stitcs. 47* 472 

production in specified coi 
Monogasinc, (sec Non ruminanil 
MomllAct. 31 , 186 

'lud. influence on perform 


N 


News, market, 287-289 
leased wire network, 287 
NFE,49 

Non fat milk solids, production and use. 
456 

Non-protein nitrogen, 53 
Non-ruminant 

digestive system, 63 
illustrated, 63 
nutrition, 72-90 
Nutrients, 

absorption of, 65 
carbohydrates, 49 
circulation of, 69 
classes of, 49 

grouped by function, 48 
contained in manure, 156 
digestion of, 64-69 
fats, 50 

formation of, 46 

influence on milk composition, 43» 
in meat and other foods, 372 
table of values, 373 
m milk secretion process, 434 
metabolism of, 70 
minerals, 55 

needed by newborn, 170 
oxidation to >ield enerey, 70 

recommended levels for non-rumi- 
nants, 77 

requirements 

dependence on function, 76 
for reproduction, 163 
of non rumimnts, 74 
of ruminants, 94, 96 
snfciy factors. 76 
stability of, 78 
storage of, 69 
uses of, 48 

utilization in the cell, 70 
Mtamins. 57 

formition pictured, 59 
water, 54 

Nutriiion. (sec also Nutrients, Digestion, 
and vinous species) 
beef catilc. 91-112 
dairy cattle. 91-1 12 
during prcgnincy. 167-170 
his’ory and development of, 35 
influence on meat quality, I36-I47 
influence on rerTodtciion. If2-I72 
non rumioani. 72 90 
poiil’ry. 72 90 
ruminant, 9I-1 12 
slseep 91.112 
•’•IRC. 72 90 
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O 

Omasum 68 
Order buyers, 280 
Orgamzauons 
breed 22 
educational, 30 
promotional, 32 
Outbreedmg 253 
Ova, 

formation, 192 ‘ 

transplantation, 249 
Ovcreatmg disease, 103 
Ovulation, 

influence of flushing, 166 
inhibited by legumes, 167 
time of, 192 

Owner Sampler dairy records, 418 
Oxford, pictured, 271 

P 

Packers, (see Meat Processors) 

Packers and Stockyards Act, 286 
Packing industry, (see also Meat Process 
mg), 27 
changes in, 338 
profit in, 356 

Papain, for meat tenderizing, 376 
Parasite resistance, 14 
Pasture 

consumption. 103 
influence on conception, 167 
influence on meat quality, 146 
land m US, 91 

management for dairy herds, 404 
nutnent content, 98 
Pelleted feeds, 

influence on consumption, 88 
mfluence on meat quality, 145 
Phenotype, 

as indicator of genotype, 213, 214 
defined, 199 
discussed, 202 
Phosphorus, 
content of feeds. 81 
required by rummants. 94, 96 
required for reproduction, 163 
Photosynthesis. 46 
reversal of m metabolism, 70 
Physiology of reproduction, research in. 
39 

Pigs, (see Feeders, pigs, and Swine) 
feeden, 132 135 
appraisal, 134 
health. 133 
pictured, 134 

producers and dealers, 133 


Pigs (Cent ) 
fevers {Coni ) 
sex and performance. 135 
Poland China, pictured, 269 
Polled trait, inheritance of. 199*201 
Pomes, 32 

Population estimates for U S , 5 
Pork, (see also Meat, Swine) 
carcass chart, 347 
carcass grades, 301 
consumption per capita, 360 
federal inspection, pictured, 30 
geographical preferences for, 363 
production by months, 468 
quality at certain market weights, 140 
supply calendar, 311 
Poultry, 

broilers raised, by states. 469 
chickens on farms, by states, 469 
federal inspection. 343 
feed consumption, 87 
turkeys raised, by states, 469 
Preferences, geographical for meat, 362- 
365 
Pregnancy 

length by species, 196 
level of feeing dunng. 167*170 
maintenance with progesterone, 196 
nutnent deficiency durmg, 36 
Prepared meat items, 352 
Preservation 
of meat. 350 381-383 
research on meat and milk, 44 
Pnees, (see Supply and Price Cycles) 
feeder pig guide, 82 
milk 

methods of establishing, 453 
subility of. 397 
Pnmal cuts, 348 
illustrated on live animals, 329 
Private grading of meat, 302 
Probe, 325 
illustrated, 230 
Processing, 
meat, 338 356 
milk. 448*455 
prepared meat items, 352 
wool, 390 
Processon 
dairy, 29 
meat, 27 
wool, 29 
Production, 
goal for agnculture, 5 
meat animals by states, 7 
milk by states, 8 
wool, 391 
Production records. 
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Production records (Cent ) 
breeding slock, 227-231 
dairy caltlc, 413-423 
Product quality, research in, 42 
Profit in meat processing, 356 
Prolificness, (see also Reproduction) 
influence on culling decision, 238 
importance in breeding stock, 217 
influence on improvement rate, 239 
visual appraisal of, 224 
Promotion, 
agencies, 32 
dairy products, 457 
meat products, 369 
wool, 395 
Protein, 52 

content of feeds, 81 
digestion, 64 
formation of, 47 

influence of level on meat quality, 143 
m meat, 372-374 
in milk, by breeds. 405 
in milk secreted, 434 
in wool, 385 

needed for reproduction, 163 
recommended levels for non ruminants, 
77 

requirements 

for reproduction, 163 
non ruminants, 74 
ruminants, 94, 96 
Puberty, 191 


Radiation m meat preservation, 382 
Rambouillet, pictured, 270 
Random mating, 250 t- j m 

Rations, (see also Nutrition, Feeds, Nu 
tnents) 
examples 

beef cattle, 106 
dairy cows, 112 
ruminants, 106 

sheep, 106 
swine, 86 

formulation procedures, 84 
illustrated, 85 
ruminants, 105 
hot weather, 182 
least-cost, 89 
for swme, 90 
pelleted, 88, 104 

influence on meat quality, 145 

Reach, 207 o.,, 

use m predicting improvement, 241 
Ready to-cat hams 352 
Recessiveness, 199 


Records, 

breeding stock, 227-231 
dairy cattle, 413 
Advanced Registry, 419 
Dairy Herd Improvement Associa- 
tions, 417-421 

Dairy Herd Improvement Registry, 
419 

Herd Improvement Registry, 419 
Owner-Sampler, 418 
use of, 419 

Weigh-A-Day-A-Month, 418 
importance in feeding operations, 
156 

Red meat, defined, 357 
Red Poll, pictured, 266 
Reduction division, illustrated, 198 
Regulatory agencies 
livestock markets, 286 
meat inspection, 342 
milk markets, federal order, 450 
Religion, influence on meat consumption, 
367 

Repeatability, 
calculation illustrated, 237 
defined, 236 

traits of breeding stock, 236 
traits of dairy cattle, 423 
Reproduction, 
accessory fluids, 190 
artificial insemination, 194 
conception, 192 194 
efficiency as influenced by 
cooling sows, 179 
fatness, 164 
feed additives, 171 
feeds and toxic substances, 172 
flushing, 166 
method of mating, 247 
nutrition, 162-172 
pasture, 167 

embryo transplanting, 249 
estrous cycle, 191 
estrus, 192 
hentabihly of, 211 
organs involved in, 187 191 
ova formation, 192 
physiology of, 187 196 
pregnancy, 195 
puberty, 191 

rate as influence on improvement, 239 
research m 39 
sperm formation, 188 
Reproductive cycle, 191 
influence on improvement, 239 
Reproductive organs, 
female, 190 
male, 187, 188 
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Requirements for nutrients j 

dependence on function, 76 
non ruminants 74 ] 

ruminants, 94 97 
Retailing, 
meat, 353 
milk, 457 
Reticulum, 68 

Rotation crossbreeding, 25W59 
illustrated, 257 

Roughages (see also Pasture, Feeds) 
analyses table, 98 
defined, 72 

grouped by quality, 100 
Roughage to concentrate ratio, 103*105 
influence on meat quality, 142 
Rumen, 68 

artificial, pictured, 37 
fistula pictured, 37 
Ruminant, 

digestive system, 66 
illustrated 67 
nutrition, 91 112 
Rural meat consumption, 366 
Rye, ergot and reproduction in gilts, 172 

S 

Safety Factors 76 
SanitaiiOR ordinances, milk, 446 
Santa Gertrudis, pictured, 267 
Sausages processing, 352 
Scientific joumals, pictured, 34 
Scouring wool, 389 

Seasonal supply & price cycles. 307 317 
cattle for slaughter, 314 317 
feeder cattle & lambs, 307 309 
hogs for slaughter, 311 313 
milk 450 

sheep for slaughter, 3 13 I 

Secretion of milk, 434-438 
Stlccuon, (see also Appraisal) 
breeding stock, 217 238 
research in, 41 
dairy cattle, 412-429 
based on production records, 422 
effectiveness influenced by hcntabilitv 
213 215 

rules for effective improvement by, 206 
visual. 219 224 

Services, suggested per sire, 247 
Sex, 

adjusting weaning weight for, 228 
influence on meat quality, 321 
influence on tenderness, 375 
inberilance of, 204 
of feeder cattle, 125 
Shade, 176 


Sheanns sheep, pictured, 393 
Sheep & lambs 

age determined by teeth. 222 
average wool grades by breeds, 388 
breeds. 270 

development of, 263 
pictured, 270, 271 
carcass chart, 347 
crippling & deaths in transit, 285 
example rations, 106 
fcedeis. 129 132 

seasonal supply & pnce cycles. 308 
feeds for, 100 102 
flushing for reproduction, 166 
for slaughter 
pictures of grades. 477 
seasonal supply & pnce cycles, 313 
grades for slaughter sheep & carcasses. 
300 

henlabihty of traits. 21 1 
identification, 226 
market classes. 294 
numbers 

long term cycles. 305 
on farms by states, 465 
nutrient requirements 
daily, 94 

proportion of ration, 96 
nutntion, 91>112 
shearing, pictured 393 
shorn, by states & sections. 470 
slaughter by months, 468 
slaughter procedures, 341 
wool 385 395 
Shelter, 107-116, 173-186 
needed during winter, 182 
research in, 38 

Shorthorn, Milking pictured, 266 
Shorthorn, pictured, 267 
Shnnk, 

m market livestock, 284 
wool during scoucwig. 389 , 39Q 
Shropshire, pictured, 271 
Sire selection, dairy cattle. 428 
Slau^ter of livestock, by months, 468 
Slaughter livestock, (see Cattle. Hogs, 
Sheep) 

Slaughtering procedures. 339 
Smoking of meat, 350 
Solar heating, illustrated, 184 
Southdown, pirtured, 271 
Soybeans, influence on pork quality, 143 
Socialization, 
dairying 397-403 
feeding operations, 158 160 
Specialty meats, 383 
Sperm, 

illustrated, 189 
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Sperm {Cent ) 
production, 188 

importance m selection, 233, 234 
influence of temperature, 190 
species compared, 189 
SPF (specific pathogen free) livestock, 39 
Spinning count system of grading wool, 
387 

Spotted hog, pictured, 269 
Stilbestrol, 

influence on meat quality, 144 
influence on reproduction, 171 
Stockers, (see Feeders) 

Stockyards company, 274 
Saffaik, preferred, 271 
Summer weather, influence on perform* 
ance, 175-182 

Supplements, relative value of, 83 
Supply cycles for livestock, 304-318 
long term, 304-307 
seasonal, 307 

feeder cattle & lambs, 307-309 
slaughter stock, 310 317 
weekly, 3 17 
Swine, (see also Hogs) 
appraisal for leanness, 328 
artificial insemination, illustrated, 195 
breeds, 268 

development of, 263 
performance m crossbreeding 255 
pictured, 269 
bruises and injuries, 335 
Canadian carcass grading, 302 
carcass grades, USDA, 301-303 
contrast m meatiness, pictured, 324 
cooling with water, 178 
crippling & deaths in transit, 285 
crossbred pigs pictured, 258 
energy level and meat quality, 14 1 
farrowing crates, pictured, 23 
feed consumption, 87 
feeding during pregnancy, 168, 169 
grades, 301-303 
pictured, 475 

growth of embryos during pregnancy 
196 

hybrid vigor, illustrated, 255 
identification system, 226 
improvement examples. 212, 243, 244 
246 

influence of temperature on perfonn- 
ance, 174 

focation of water for, 181 

long term supply c>cies, 305 

market classes, 295 

number saved, by states, 465 

per cent gilts in slaughter groups, 295 


Swine (Cent ) 

pork carcass chart, 347 

rations, examples, 86 

seasonal supply & price cycles, 310-313 

selection for leanness pictured, 41 

slaughter by months, 468 

slaughter procedures, 339 

testing stations 

data illustrating improvement, 244 
illustrated, 205 
values of flushing, 166 

T 

Tamworth, pictured, 269 
TDN, 93 

Teeth, indicators of age, 222 
Temperature, 

influence on livestock performance, 174 
influence on species adaptability, 13 
influence on sperm formation, 190 
Tenderizing meat, 349 
Tenderness of meat, 374-377 
Terminal markets, (see also Markets), 
273-277 
pictured, 276 

salable receipts, by markets, 302 
slaughter stock sold at, 278 
Testing stations, illustrated, 205 
Therm, 93 

Thiouracil, influence on meat quality, 145 
Top feed for hot weather, 182 
Traits, relative importance in selection, 
219 

Transportation of livestock, 283 286 
deaths & cripples, 285 
location of bruises & injuries, 335 
shrink, 284 

trucks versus trains, 285 
Turkeys raised, by states, 469 

U 

Udder, 

anatomy & parts illustrated, 431-433 
development & growth 436 
injuries &. infections, 442 
Unidentified factors, 59 
Urban meat consumption, 366 
Urea, 53 

US Department of Agnculiure, 30 
carcass grades, 296-302 
meat research 384 
Packers and Stockyards Act, 2Hf, 
wool grades, 388 
Utiliz ition of nutrients, 70 
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V 

Vanalion, genetic, needed for improve 
ment, 206 

Veal 

carcasses, per cent USDA graded, 297 
consumption per capita, 360 
grades 299 
marketing 407 
production by months, 468 
supply calendar, 311 
value of nulk for producing, 40? 
Ventilation, 185 
Veterinarians, 25 
Villi, 66 

Visual appraisal, 219 224 
dairy cattle, 424-428 
Vstamm A, 

loss during feed storage. 78 
required for reproduction, 163 
Vitamins, 57 

content of feeds, 81 
formation of, 48 
pictured, 59 
loss donng storage, 78 
required by non ruminants, 74 
required by ruminants, 94 96 
required in hot weather, 182 
secreted m milk, 435 

W 

Water, 54 

consumption m hot weather, 181 
for cleaning dairy equipment. 449 
for milk productiOD, 1 12 
heating during Winter, 185 
temperature & effect on perfonnance, 
181 

Wearung weights, 

adjustment for age, 229 
adjustments for sex, 228 
adjustment for twins, 228 
repeatability of, 236 
Weekly supply cycles at markets, 317 
Weigh A Day A Month dairy records.418 
Weight, 

®4justoeot to standard weaning age, 
geographical preference for beef, 364 


Weight (Co/ir ) 

influence of sex, twinning, etc , 22 b 
mfiuence on cost of gams, 152 
influence on meat quality, 140, 321 
Wholesale cuts 345-348 

pictured on live animal, 329 
Wholesaling, meat, 353 
Winter weather, influence on perform- 
ance, 183-185 

Wool 

characteristics, 385-387 
consumption per capita, 385 
fiber illustrated, 387 
grades Sc specifications, 388 
industry, 29 

length, hcntability of, 211 

length designations, 389 

matkeung, 392 

markets & mills, 29 

merchandising, 394 

National Wool Act of 1954, 394 

“pools" for marketing, 392 

processing as influenced by length, 389 

processing steps, 390 

pToduaion 

by states & sections, 470 
domestic, 391, 392 
in specified countnes, 471 
promotion 395 
quality wans, 387-390 
shorn per fleece, by states & sections, 
470 

shnnk during scouring, 389, 390 
use illustrated, 386 
world production, 391 
Wool Bureau, Inc , 395 
Woolen yam, 390 
Worsted yam. 389, 390 

Y 

Yield, (see Dressing per cent) 
accuracy of estimating. 333 
selling on grade and yield. 335-337 
Yorkshire pictured, 269 

Z 


Zygote, 799 



